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20. ABSTRACT

- The forced drainage plan consists of 26 proposed and 5 unauthorized
projects. The latter projects were begun about the time that Federal wetland
permitting procedures were being initiated. All projects were designed to
provide controlled drainage for existing and future development along natural
levees (the high ground) in the parish. The projects were not designed to
protect against major floods but will provide protection against minor floods.

-

Alternative levee alignments that were considered included: 1) entirely
within nonwetland areas; 2) along wetland/nonwetland interfaces; 3) entirely
within wetlands; and 4) "no action.” Implementation of the "no action"
alternative would further stress the existing inadequate drainage facilities.
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Between the 31 projects, a collective total of 6 wetland cover types
occur: four marsh types (i.e., saline - 3 acs.; brackish - 874 acs.;
intermediate - 1,239 acs.; fresh - 3,724 acs.), and two wooded wetland types
(i.e., swamp - 2,014 acs.; wet bottomland hardwoods - 5,847 acs.). Within
Terrebonne Parish, the 5,840 aggregate acs. of marsh cover types comprise a
fraction (1.2 percent) of the 478,463 total acs. of marsh cover types and the
7,861 aggregate acs. of wooded wetlands comprise nearly 7 percent of the
114,568 total acs. of wooded wetlands.

The wetland/nonwetlgnd interface alignment alternative was chosen on the
basis of minimal impacts to wetland resources and maximun use of nonwetland
space.

Implementation of the wetland/nonwetland alternative would result in
improved drainage facilities and would provide protection from minor tidal and
backwater flooding of enclosed areas. Other anticipated impacts that would be
expected to occur wouid include: 1) unavoidable and permanent losses of
wetland and nonwetland areas and associated functions; 2) isolation of wetland
areas; and 3) modifications of turbidity, suspended particulates, sedimentation
and other physical and chemical regimes and ecosystem attributes.

Additionally, the potential for the release of toxic materials, including heavy
metals, also exists.

Cultural resources within the project impact area include 7 prehistoric
and 31 historic sites. Implementaiton of the wetland/nonwetland alignment
alternative would not jeopardize any of these resources.
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Dear Sir/Madam:

The New Crleans District, U. S. Army Corps of Engineers is pleased to
furnish for your information a copy of the Final Environmental Impact Statement
(FEIS), "Terrebonne Parish-wide Forced Drainage System, Terrebonne Parish,
Louisiana.”

This FEIS has >een prepared to docuinent and evaluate the environmental impacts
associated with varZous alternatives for 26 proposed and five after-the-fact
forced drainage proects. It should be considered a general statement. FEach
project permit, appiied for individually, will be accompanied by an
enyironmental asses:ment that will detail levee alignment alternatives and
other impacts speciiic to that project.

The FEIS will -e officially filed with the Environnental Protection Agency and
the Notice of %vail:-Dility will appear subsequently in the Federal Register.

If you l'iz.= g.:stions or require further information regarding this FEIS,
" you may contecz “r. Robert Bosenberg, Regulatory Functions Branch, at
(504) 838-22::.

Robert C . Lee
Colonel, Corps of Englacers
District Engineer
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FINAL

ENVIRONMENTAL IMPACT STATEMENT

TERREBONNE PARISH-WIDE FORCED DRAINAGE SYSTEM
TERREBONNE PARISH, LOUISIANA

Responsible Agency:

Action being considered:

Contact for further
information:

Abstract:

Date Comments due:

Responsible Official:

.........

U.S. Army Corps of Engineers, New
Orleans District

Issuance of a permit as provided by
various sections of the River and
Harbor Act of 1899 and Section 404 of
the Clean Water Act to the Terrebonne
.Parish Police Jury, for placement of
dredge or f£ill material into wetlands
for construction and operation of a
parish-wide forced drainage system.

Dr. Thom Davidson, EIS Coordinator
U.S. Army Engineer District,

New Orleans Corps of Engineers
P.0O. Box 60267

New Orleans, Louisiana 70160

This Final Environmental Impact
Statement has been prepared to evaluate
various alternatives for constructing
26 proposed forced drainage projects
and consideration of 5 after-the-fact
unauthorized projects. The projects
are designed to provide controlled
drainage to existing and future
development along the network of
natural levees that accounts for the
high ground in the parish. Although
the drainage projects will provide some
protection against minor flooding, they
are not designed to protect against
major flood conditions.

Robert C. Lee, Colonel
District Engineer
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Summary

1.0 Introduction to the Project

b The proposé¢d Terrebonne Parish forceé¢ drainage plan was initiated in
1971 in response to flooding problems that existed in the parish. Increased
population coincident with new commercial and industrial development have
resulted in invasion of low-lying areas prone to flooiing. The existing
drainage system based upon gravity flow has proven to be inadequate to
accommodate the increased demands. Land subsidence and raised water levels
have compounded the drainage problems.

Included in the forced drainage plan are 26 proposed and five
unauthorized projects. The latcer were begun about the time that permitting
procedures were being initiated. The projects are designed to provide
controlled drainage to existing and future development along the network of
natural levees that accounts for the high ground in the parish. Although
the drainage projects will provide some protection against minor flooding,
they are not designed to protect against major flood conditions.

The primary regulatory agency is the U.S. Army Corps of Engineers
under authority provided by Section 404 of the Clean Water Act. The
Environmental Protection Agency has also been given authority to administer
certain procedures concerning discharge or dredged or fill material that may
advergely affect municipal water supplies, shellfish beds, fishery, wildlife
and recreational areas.

Public concerns were addressed through meetings with the private
sector and government agencies. Issues were raised at the scoping meeting
and categorized into costs, current drainage conditions, effectiveness of
proposed projects and priorities for implementation.

Project objectives include provisions for forced drainage
construction to areas in the parish with a high incidence of gravity
drainage failure, resulting in inundation of developed areas. Objectives
include construction of forced drainage projects where needed in all
parish-wide developed and undeveloped nonwetland areas. Where significant
wetlands are unavoidably encompassed in project areas they will be
maintained as wetlands.

The format for this phase of the EIS follows a prepared outline
provided by the U.S. Army Corps of Engineers, New Orleans District. This
phase should be considered a general statement for the 26 proposed and five
unauthorized projects. Permit issuance for proposed and unauthorized
projects will be determined on the acceptance of this phase and approval of
the follow-up individual project environmental assessments., The 26 proposed
projects may be assigned priority at the discretion of the Parish after the
5 unauthorized projects has been satisfactorily resolved.

Alternatives

Alternatives for placing levee alignments were grouped into three
categories based upon major environments. These included placement of levee
alignments: entirely on non-wetlands; along wetland/non-wetland interface;
or in the wetlands. A fourth alternative of "no action'" will further stress
the poor drainage conditions that presently exist.
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Maps in Appendix A (all appendices were published only in the Draft
EIS and may be secured from the New Orleans District) are intended to
indicate generally project locations. Specific levee alignments have not
been determined. The:se alignments will be part of the irdividual
assessments and permir applications.

Placement of the proposed levees along non-wetland areas would result
in less impact from spoil deposition on the wetlands. However, it would
alter natural drainage to the adjacent wetlands, and utilize upland space
that is in high demand for residential, commercial, industrial and
agricultural use,

The wetland/non-wetland interface alternative will result in use of
minimal areas of wetlands and less impact than placement 2antirely in
wetlands. Drainage from the uplands to the wetlands woull be altered. Wet-
lands and associated vegetation within the right-of-way would be destroyed.
This alternative would provide the maximum amount of upland area to be
utilized for development.

The wetland alternative would most severely impact the wetlands.
Destruction of wetlands from dredging, spoil deposition and impoundments
would adversely affect the area., Interruption of natural drainage and
subsidence would be greatest in this environment.

The wetland/non-wetland alignment was chosen on the basis of minimal |
impacts on wetlands and maximum use of upland space.

Affected Environment

The major habitats and their associated physical, biological, social
and economic components comprise interacting natural and man-induced
variables affecting the parish. The physical components that form the
environmental setting combine to produce a rich flora and fauna resource
area. Subtropically located in close proximity to warm Gulf of Mexico
waters, the area is influenced by both marine and fresh waters. The parish
sits astride at least three abandoned deltaic lobes of the Mississippi
River. Its western part is presently subjected to influences from
Atchafalaya River water that is forming a new delta in Atchafalaya Bay.

Topological differences, although subtle, significantly influence
species assemblages that inhabit environmental niches. Natural levees of
former Mississippi River distributaries form the high ground for settlement.
The levees radiate out from Thibodaux and Houma forming fingers of uplands
that extend gulfward. The levees are wider and higher (+ 10 ft. above NVGD)
inland and gulfward they narrow and decrease in elevation to sea level. The
general natural levee slope is about 0.7 ft. per mile. Marsh lands,
swamplands and water bodies fill the inter-levee basins.

¢ .n.l'..l.l'l‘l.
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Compaction of the unconsolidated sediments and water level rise cause
the parish to experience subsidence. Limited data sources show that the
northern part of the parish where most of the forced drainage projects are
located is presently subsiding at a rate of about one foot (30 cm) per 50
years (Watson 1981). In addition, factors such as possible eustatic sea
level rise and the elongation of the Atchafalaya River system are C
contributing to additional raised water levels in respect to the land. o
Local subsidence also occurs where loading is placed on substrate organic
deposits. Submergence constitutes a long-term hazard to residents of the
parish. It is suggested that an estimated subsidence rate be incorporated
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into the planning phase as a factor on the expected longevity of each
project.

i The parish lies within the region constructed by the Teche
S Mississippi and Lafourche Mississippi delta complexes. Evidence indicates

- that the Teche Mississippi was active in the Terrebonne Parish area about
5,500 years ago. Bayou Black is considered to be located in a former Teche
channel. Borings through Bayou Black levees near Gibson, Louisiana show
Bayou Lafourche deposits at the surface capping Red River deposits, in turn
overlying Teche Mississippi levees. There are five sequences of
sedimentation associated with the Lafourche Mississippi River system. The
sequence began in the earliest Bayou Terrebonne era (about 3,500 years ago)
and ended with the latest Bayou Lafourche era (about 300 years ago). Bayou
Lafourche was artificially closed in 1903-04,

B~ PRI A, * 3 e

Diversion of Mississippi River water and sediments from the Lafourche
deltaic area resulted in the onset of destruction processes. Subsidence
continues, erosion is initiated and salt water intrusion begins to invade
inland. The barrier islands fronting the parish form, and are nourished by
wave attack on deltaic marshlands exposed to the gulf. Lack of new beach
nourishment from riverborne sediments allows the barrier islands to continue
to retreat and diminish in size. At the present time land loss in the
barrier islands and marshlands is occurring at accelerated rates. Causes
are attributed to both natural and man-made processes.
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Hydrological characterization of Terrebonne Parish was determined by
functional habitats. The study procedure included a literature search and
analysis of selected data sets. Physical parameters included water level,
salinity, precipitation, evaporation and air temperature. The crucial
parameter to overall water balance in hydrologic studies is flow or
discharge through water courses that affect the basin. Data deficiencies
exist in gauging major bayous and canals in the upper part of the basin and
tide measurements in the lower portion. The upper part of the basin is
subject to seasonal flooding from rainfall and Atchafalaya River high water.
The lower basin south of the Gulf Intracoastal Waterway 1is subject to a
periodic inundation by Gulf waters driven by hurricanes and tropical storms.
The absence of meteorological monitoring stations in the latter area limits
basin-wide interpretations from data derived in the upper basin.

An aspect of the hydrological study included a long-term hydro-
climatological analysis of the basin with particular emphasis upon
identifying hydrologic hazards which impact the parish and the forced
drainage units. A water balance model was employed to generate flows within
the basin and tidal data measured along the coast was also analyzed and
combined with the flow data in order to identify combined hydrologic
effects. The analysis indicated that three separate but often combined
hydrologic inputs create potential hazards for the parish. These include
locally generated rainfall excess that frequently combines with high Gulf
tides or back water flooding from the Atchafalaya River that result in high
water and drainage problems in the parish. Continued subsidence will likely
increase the severity of drainage conditions in the parish.

To facilitate interpretation of impacts caused from poor drainage a
hydrologic hazard index was compiled that provides monthly and seasonal
average water levels for the Houma area. The monthlv score reveals
hydrologic hazard peaks in April and September. The spring hazard peak
results from the combined effects of Gulf tides, back water flooding, upper
basin runoff, and locally generated surplus. The fall hazard peak is less
complex and mainly results from raised Gulf levels at this time of year.
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The greatest danger during high Gulf levels in the fall occurs when
associated with low frequency but often severe tropical storms and
hurricanes.

Rainfall associated with the fall hazard peak is generally aot
aggravated by upper basin runoff and Atchafalaya backwater effects. The
greatest potential for extreme local runoff results from degrading twopical
storms, which sometime stall over the coastline, dumping unprecedented rain-
fall totals.

There are only three acres of saline marsh lying within the proposed
project areas. There are however extensive areas of saline marsh bordering
projects 4-3C and 5-4. Projects 4~3B, 8~1 (unauthorized) and 3-2
(unauthorized) lie just to the north of saline marsh and may impact this
habitat type. Overall, saline marsh excluding associated water bodies
encompasses 120,220 acres or 8.9 percent of Terrebonne Parish (Wicker et al.
1980).

The major emergent macrophytes of the saline marsh are Spartina
alterniflora, Distichlis spicata, Juncus roemerianus and Spartina patens.

Species diversity is low, a factor attributed to the stressing influence of
salt water,

The saline marsh in general supports fauna similar to the other wet-
land habitats except in lower densities. This is true for such mammals as
raccoons, opossum and rabbits and for reptiles such as the alligator, and
for many species of waterfowl.

The aquatic environment of the saline marsh is an important nursery
ground for commercial gulf menhaden, shrimp and blue crabs., Oyster
production is an important industry in the saline marshes of Terrebonne
Parish, Salt marsh primary productivity is high and primarily takes the
form of vascular vegetation. Spartina alterniflora is the most common salt
marsh plant in the project area with a 68 percent occurrence.

De la Cruz (1979) described the energy flow of a salt marsh following
a Y-shaped pathway resulting from a grazing food chain (GFC) and a detritus
food chain (DFC). The energy flow in a salt marsh is more constant through-
out the year since detritus is produced continually, allowing development of
an extensive food web with many types of primary and secondary consumers.

Major revenues associated with the saline marsh are derived from
resource harvests which include: (1) mineral extraction; (2) commercial
trapping and fishing and (3) recreational fishing and hunting. Other
economic values of the saline marsh are realized in the form of cost savings
such as its ability to absorb storm energy, thereby reducing the need for
structural controls,

There are 874 acres of brackish marsh within the project areas.
Project 8-1 (unauthorized) contains 760 acres and Projects 3-2
(unauthorized), 4-2B and 4-3C contain the remaining 114 acres. Additional
extensive :reas of brackish marsh border the above project areas., Overall
" arrebonne ’arieh contains 122,315 acres of brackish marsh excluding

*1a* ., opeu water bodies, or approximately 9.1 percent of Terrebonne
Pz..:h (wicker et al. 1980). Options for maintaining brackish marsh within
unauthorized project areas as well as proposed project areas will be
detailed in the individual assessments,
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Brackish marshes are generally associated with high land loss rates
(Wicker et al, 1980). The area of brackish marsh and associated water
bodies in Terrebonne Parish has experienced a net increase from 1968-1978 at
the expense of intermediate and fresh marshes, which offsets the decrease in
brackish marsh to saline marsh. Once the fresher marshes are converted to
more brackish conditions the transformation from marsh to open water is
fairly rapid. .
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The major emergent macrophytes of the brackish marshes in Terrebonne
Parish are Spartina patens and Distichlis spicata. Species diversity is
greater than in the salt marsh but lower than fresh or intermediate marsh.
The brackish marsh has the greatest live biomass of any marsh type.
Estimated net primary proguction per square meter for brackish marsh habitat
in Louisiana is 2,756 g/m /yr.

The brackish marsh habitat is the most saline area in which
amphibians occur in appreciable numbers. Muskrats are most abundant in
brackish marshes. The marshes also serve as important nursery grounds for
sport and commercial species,

The dominant energy flow pathway for brackish marsh water bodies goes
from the emergent macrophytes to the upper trophic levels via detritus
washed into the estuaries.

The brackish marsh area is subject to tidal effects with a net
downstream flow. However, the inland movement of water serves to determine
the kinds of marsh vegetation, aids in recirculating nutrients and allows
the inland migration of larval forms of estuarine species, many of which are
incapable of swimming upstream.

Some 1,239 acres of intermediate marsh are located within the
proposed and unauthorized project areas. Projects 8-2D (unauthorized) and
3-2 (unauthorized) contain most of the intermediate marsh with 484 and 412
acres respectively. Project 8-1 (unauthorized) contains 185 acres, 136
acres are located within Project 4-2B, 12 acres in Project 8-2E and 10 acres
in Project 3-3. Overall, intermediate marsh excluding associated water
bodies comprises 56,318 acres or approximately 4.2 percent of the parish
area (Wicker et al. 1980). Options for maintaining intermediate marsh
within unauthorized project areas as well as project areas will be detailed
in the individual assessments.

Species that dominate the intermediate marsh are a mix of fresh and
brackish marsh plants., Spartina patens is dominant in terms of spatial
extent and production. Plants which normally attain their greatest
abundance in Terrebonne Parish intermediate marshes include: Acnida
. cuspidata, Bacopa monnieri, Leptochloa facicularis, Paspalum vaginatum and
LE Pluchea camphorata. PEimary productivity of intermediate marsh has been
estimated at 2,800 g/m /yr.

&
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The intermediate marsh habitat supports a transitional community of
organisms which includes both marine and freshwater forms. Intermediate
marshes are preferred feeding grounds for herbivorous waterfowl including
the dabbling ducks which are prized by hunters.

Alligators prefer this marsh type, which produces an alligator
population with almost twice the density of other marsh types.
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There are 2,976 acres of freshwater marsh distributed within eight of
K the project areas. Most of the freshwater marsh is located within the
. unauthorized projects, as Project 4-] contains 1,485 acres and Project 3-2
) contains 779 acres. Proposed project 4-2B also contains a substantial
; amount of this habitat, with 520 acres. Options for maintaining fresh marsh
I within unauthorized project areas as well as proposed project areas will be
N detailed in the individual assessments. .

Significant areas of fresh shrub habitat are found within Projects
“ 8-1 (unauthorized, 342 acres), 4-1 (unauthorized, 154 acres), 4-2B (137
acres) and 8-2A (115 acres).

Inclusive of fresh shrub wetlands there are 3,724 acres of fresh
marsh habitat within project areas.

.. Despite losing some 126,539 acres of fresh marsh since 1955 (Wicker

= et al. 1980), Terrebonne Parish still contains one of the largest continuous
expanses of coastal freshwater marsh in the state and nation. At present,
Terrebonne Parish contains some 179,610 acres of freshwater marsh plus an
additional 8,924 acres of fresh shrub wetlands. The combined acreage of
freshwater shrub and marsh wetlands constitute 14 percent of the parish
area.

Fresh marsh contains the highest diversity of plant species. Species
dominance can change seasonally as the fresh marsh contains a large number
of annuals in addition to perennials. Dominant plants include Panicum
hemitomon, Eleocharis spp., Sagittaria falcata and Hydrocotyle umbellata.

An estimate of net primary production for fresh marshes in Lsuisiana based
on the measured productivity of selected plants is 2,200 g/m"/yr.

Insects are probably the most important group of grazers in the fresh
marsh while the nutria is the most significant and abundant large herbivore
in the fresh marsh system.

Predatory insects and spiders, reptiles and amphibians, insectivorous
and raptorial birds and predatory mammals compose the higher trophic level,

Water bodies within a freshmarsh system act as conduits transporting
material to more downstream areas. Export of these materials represents an
important source of raw materials to the lower estuary. The major pulse of
these materials coincides with the time of high detrital formation and
arrival of migrant species which enter the estuarine area for growth and
spawning purposes.

~

There are 2,014 acres of swamp distributed within 18 of the project
areas. Proposed project 1-1B contains the largest expanse of this habitat
with 547 acres. Other projects that contain considerable areas of swamp
include 4-1 (unauthorized) with 494 acres; 4-2B with 326 acres and 8-2D
(unauthorized) with 136 acres. Within Terrebonne Parish there are 94,225
acres of this swamp type which represents 7.0 percent of the total parish
land and water area (Wicker et al. 1980). Options for maintaining swamp
within unauthorized project areas as well as proposed project areas will be
detailed in the individual assessments,
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Major overstory swamp species include Nyssa aquatica, Taxodium
distichum, Acer rubrum var. drummondii, and Fraxinus pennsvlvanica.

Conner and Day (1976) reported a total production of 1140 g wt./mzyr.
for a Lac Des Allemands cypress-tupelo swamp.
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Carnivores in the wetland portion of the swamp forest system include
spiders, voracious insects, reptiles, mammals, insectivorous birds and
raptorial birds. Reptiles and amphibians are represented by more species in
the swamp forest than in any other wetland sub-unit.

There are 5,847 acres of wet bottomland hardwood forest distributed
within 22 of the project areas. Projects containing 500 or more, acres as
proposed include: 1-1B (1,651 acres), 1-1A (688 acres), 2-1B (610 acres)
and, 6-1B (533 acres).

Due to the "high" elevations bottomland hardwoods occupy, most have
been lost due to clearing for agricultural or urbanization. Remaining areas
are largely confined to narrow linear transition zones between the swamp
forest and agricultural areas. Portions of Marmande Ridge, Bayou Mauvais
Bois and other small isolated areas still contain some mixed hardwood
habitat that is not bordered by a non-related habitat. These areas serve as
important wildlife refuge areas during high water level conditions. As of
1978, only 20,343 acres of bottomland hardwood forest remained in the parish
(Wicker et al. 1980) and 28.7 percent of those hardwoods lie within the
proposed and unauthorized project areas.

Dominant bottomland hardwood tree species in the project area are
Ulmus americana, Liquidambar styraciflua, Celtis laevigata and Acer rubrum
var. drummondii.

Dickson (1978) conducted a year-round census to determine bird
populations within a south central Louisiana bottomland hardwoods. Wood
ducks nest in wooded swamps and seasonally flooded bottomland hardwood
forests. Another popular game bird, the American Woodcock, also winters in
bottomland hardwood habitats.

The white-tailed deer and black bear are two big game mammals which
inhabit bottomland hardwoods,

Small game mammals inhabiting bottomland hardwoods include the swamp
rabbit, eastern cottontail, grey squirrel, fox squirrel, raccoon and
Virginia opossum.

Many species of fish utilize bottomland hardwoods during inundation.

Dry bottomland hardwood forest is virtually non-existent in
Terrebonne Parish as the highest elevations along the natural levee ridges
were among the first areas cleared and settled. This habitat, therefore,
has been converted to other upland areas.

Other upland areas are largely restricted to and include most of
the natural levee area in the parish, It represents the largest area within
the projects, comprising a total of 33,594 acres which is 69.3 percent of
the total proposed and unauthorized project areas.

Natural volunteer grasses on the levee ridges are bermuda grass,
dallis grass, johnson grass, bluestem, vasey grass, carpet grass and St.
Augustine grass. St. Augustine grass 1iIs the major residential lawn cover
throughout the parish. Residents plant many ornamental shrubs and trees for
aesthetic purposes. Some of the more common native tree species found in
residential landscapes are live oak, baldcypress, water oak, pecan,
hackberry, American elm, American holly and svcamore.
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Many areas of natural ridges are utilized for agricultural crops such
as soybeans and sugarcane and as pasture for cattle production.

Pastures, fields and residential lawns and developments provide a
diversity of habitats which supports game and non-game wildlife.

Maintenance of this artificial state requires large energy inputs in
addition to sunlight in the form of cultivation, fertilizer, pesticides,
herbicides, harvesting and crop preparation and transport.

Urban areas also have additional energy and material requirements and
produce wastes.

Land use in Terrebonne Parish began with prehistoric Indian
occupation and continued through exploration and settlement by Europeans to
present practices. In 1978 Terrebonne Parish consisted of 1,347,126 acres
of land of which about 52 percent constitutes land and 48 percent water.
About 88 percent of the land is undeveloped and 12 percent developed. Most
of the undeveloped land consists of wetlands (marshlands and swamplands).

Land use patterns have developed through occupation by diverse
peoples ranging from prehistoric Indians to European settlers. Prehistoric
Indians were likely part time agriculturists in conjunction with subsistence
pursuits.

European settlers arrived in the early 18th century and settled
along the bayous in the northern part of the parish. They adopted crops
such as corn and squash from the Indians. Crops like rice and indigo were
brought from Europe and sugar cane was introduced from the West Indies.
Plantation agriculture developed with cotton the major crop which gave way
first to indigo and then to sugar cane.

Commercial fishing began in the first quarter of the 20th century
and expanded until petroleum activities dominated the area. This resulted
in the construction of the Houma Navigation Canal and expansion of
commercial and industrial activities associated with petroleum production.
These developments resulted in rapid population increases and all activities
are vying for space along the restricted natural levees.

Cultural features in the parish include both prehistoric and historic
sites, buildings and structures. The cultural resource survey for the
parish included an archival map and literature search of recorded
prehistoric and historic sites that would be impacted by the 31 forced
drainage projects. No field investigations were conducted. The National
Register of Historic Places was checked for site listings. This included
sites that are under consideration for nomination to the Register.

It was determined that four prehistoric sites are located within the
proposed project areas (16TR2m 38, 63 and 79) and three are within the
bounds of the unauthorized projects (16TR3 19 and 26). There are 31
historic buildings and structures located in or near the project areas.

Site significance, based on National Register criteria, was
preliminarily evaluated for the seven prehistoric sites. Site significance
criteria included: integrity of site, distinctive characteristics, and
potential yield for contribution to the historic record. If the forced
drainage levees are placed along the wetland/non-wetland boundary none of
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F - the seven prehistoric and 31 historic sites appear to be in danger of

- destruction. However, they should be field checked during Phase II planning
- for individual projects.

Assessment of the location of 96 known prehistoric sites in the
parish in respect to present habitat association showed that sites are
located in all of the eight habitats. With respect to habitat agsociation
at the time of Indian occupancy, the present distribution is misleading.
Subsidence and sedimentation have subsequently lowered and buried sites
along with habitat environmental changes. 1In addition, Indian shell and
earth middens and mounds result in elevated local topographic highs that
support upland tyve vegetation in contrast to surrounding marshlands and
swamplands. Past studies indicate that initial site occupations were on
natural levees of both abandoned and active streams and bayous. Changes in
the landscape subsequent to initial occupation explains their present
habitat distribution. These are the reasons why there is a probability of
finding sites in habitats that are presently not suitable for human
occupation.

1= R

With the no action alternative there will be a probable continued
deterioration of wetland types due to natural and man related processes
associated with the deterioration phase of the Mississippi River deltaic
cycles.
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Saline, brackish, intermediate and fresh marshes will probably be
gradually converted from a detrital base marsh system to an aquatic system.
Also cypress-tupelo swamps and wet bottomland hardwoods will probably be
gradually converted from organic based systems to aquatic systems.

b e
« %
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There would be a probable increase in frequency and duration of !
flooding as related to net elevation decrease due to natural subsidence.

Probable residential, commercial and industrial property loss and
damage will continue, resulting from periodic tidal and precipitation
flooding. The probable change in habitats will result in a change of the
types ¢f species harvested. Also, there is a possible loss of real estate
and associated revenues and taxes.

Construction of levees in the non-wetlands will prevent overland
sheet flow from uplands to wetlands by concentrating flow to a point source
discharge. This will result in a loss of freshwater flow to some areas and
a major increase of freshwater flow to other areas. The source, velocity,
renewal rate, and timing of water in a wetland ecosystem directly controls
X the spatial heterogeneity of wetlands and the nutrient, 0, and toxin load of
- sediments. These secondary factors in turn control or mo%ify such ecosystem
.- characteristics as species composition and richness, primary productivity,
o organic deposition and flux and nutrient cycles.

Local uplands ecology within construction rights-of-way would

- probably be impacted by the alteration or loss of habitat and disruption of
jﬂ local communities and niches resulting from canal and levee construction.
f;* Existing undeveloped non-wetlands which are in demand for

residential, commercial, industrial and agricultural development may be
utilized for canal and levee construction. This could result in a probable
loss of revenues resulting from development of uplands for residential,
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commercial and industrial complexes.

Project construction will provide additional drainage capacity and
minor tidal flood protection to existing developments and provide probable
incentives for development of marginal uplands within project boundaries
once subject to periodic flooding.

.r<'...<

Placement of the proposed collection canal and levee along tﬂé
wetland/non-wetland interface will probably impact existing hydrology as
described for the non-wetland alternative.

Construction activities in wetlands may adversely impact water
quality by increasing turbidity, suspended solids, sedimentation and
associated physical and chemical modifications. Toxic materials such as
hydrogen sulfide, methane, and a variety of organic acids, ketones,
aldehydes, etc. as well as heavy metals and pesticides which exhibit
persistent toxic effects, may be released into the water column during
dredge and fill activities.

.
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Some terrestrial and aquatic species along the interface may be
directly destroyed by construction activities. Construction of the proposed
collection canal and levee and resulting probable short-term impacts within
construction rights-of-way to local habitats and hydrology will disrupt food
webs and microhabitat distribution.

:

As stated previously, existing residential, commercial and industrial
developments within proposed project areas would be afforded improved
drainage facilities and protection from minor tidal and back water flooding.
Also marginal areas along the backslopes of the natural ridges will probably
become more attractive to development once the area is under forced
drainage. Property values for existing developments and proposed lands for
development will probably increase under forced drainage.

Probable impacts to local hydrology resulting from the wetland
alternative are similar to those previously described for the non-wetland
and wetland/non-wetland interface alternatives. Additionally, impounded
wetlands within project boundaries will no longer be subject to tidal flows.
These impounded areas can also alter existing flow patterns of adjacent
habitats,

Probable impacts to local water quality resulting from construction
activities are similar to those described for the wetland/non-wetland inter-
o face alternative.

o Probable impacts to local flora resulting from project construction
Et are similar to those described previously for other levee alignments.

Bre Wetland vegetation encompassed within project boundaries will probably be

F! gradually replaced by plant species indigenous to fresher habitats and/or

drier soil conditions.

r
{ Probable impacts to local fauna resulting from proposed construction
b activities are similar to those previously described for the

|

= wetland/non-wetland interface levee alignment. Indigenous species

&! inhabiting specific wetland types within proposed project boundaries may

rf suffer a future loss of habitat resulting from a changing vegetation regime
L as described above. Levee construction will provide upland habitat within a

wetland area, increasing habitat diversity. The proposed levees will act as
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- barriers and may impact aquatic organisms by reducing or eliminating export
N of detritus and associated nutrients to adjacent habitats. Terrestrial and
aquatic species utilizing wetlands within proposed project boundaries for
all or part of their life cycles will be adversely impacted by proposed
project construction., Drier conditions resulting from the forced drainage
of minor wetland areas may result in their being utilized for cattle grazing
or other man-related uses. Because of the extensive salt water intrusion
and subsequent erosion in areas adjacent to unauthorized projects, adverse
impacts to project areas resulting from construction of the 5 unauthorized
forced drainage projects is made to appear to be minimal.

Project construction, as discussed previously, would result in
improved drainage facilities and protection from minor tidal and back water
flooding. With project construction, it is most probable that property
values will increase for existing and proposed residential, commercial, and
industrial developments. Probable conversion of marginal wetlands to
residential, commercial and industrial developments will result in a higher
tax base but will also result in the economic loss of these wetlands'
harvestable productivity.

Previously mentioned impacts resulting from project construction are
those researched in the literature and probable to occur during dredge and
fill activities. It is recognized that cumulative impacts could result from
construction of the proposed 26 forced drainage projects.

Impacts to project areas resulting from construction of the 5
unauthorized forced drainage projects are evident. To what degree these
impacts are beneficial, detrimental and/or irreversible has not been
determined. It appears that these projects have maintained the integrity of
enclosed wetlands by preventing saltwater intrusion and subsequent
deterioration or conversion of these wetlands to open water areas as has
occurred in adjacent unprotected habitats.

It should be emphasized that the 26 proposed projects have not been
assigned in a priority sequence. Demographic needs, environmental
alternations and economic considerations will determine the development of
this forced drainage system. Each project proposed or unauthorized will
include an Environmental Assessment detailing project specifics such as but
not necessarily limited to levee alignments, mitigation based on Habitat
Evaluation Procedures, endangered species and consistency with coastal
management programs.
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2.0 Introduction to the Project

2.1 Purpose and Need for the Project. The proposed parishwide
forced drainage plan was created in 1971 in response to continued flooding
in existing residential, commercial and industrial developed areas
throughout Terrebonne Parish by (1) lack of capacity of existing drainage
facilities to remove precipitation runoff; (2) moderate tidal fleoding;
and (3) backwater flooding resulting from high stages of the Atchafalya
River. Since that time to the present new residential and commercial
developments have encroached into some of the low-lying areas and have
experienced repeated flooding.

The existing deteriorated gravity drainage system is incapable of
carrying the additional run-off from the continuing residential and
commercial developments. Naturally occurring problems such as increased
subsidence (Wicker, et al. 1980) and higher water levels also reduce the

carrving capacity and discharge ability of natural drainage arteries.

The 26 proposed forced drainage projects (Figure II-1) are designed
(Figures 11-2 and II-3) to be maintained by the local governing authority
of the Parish and to provide controlled drainage to the existing and
future residential, commercial, industrial and agricultural areas occuring
on the natural ridges adjacent to the fingerlike network of bayous in
Terrebonne Parish. In the southern portions of the parish the proposed
project levees will provide protection against minor tidal flooding but
are not designed as hurricane protection levees (Figure I1I-1). Likewise,
in the northern part of the parish the proposed project levees will
provide protection against minor backwater flooding resulting from high
flood stages in the Atchafalaya River. These proposed levees will not
provide protection against major flood conditions.

Also, there are five existing unauthorized forced drainage projects
that were completed during the time the permit processes were being
impleédented.

2.2 Corps Authority. The Department of the Army acting through the
Corps of Engineers is responsible for administering various Federal laws
that regulate certain types of activities in specific waters in the
United States and the oceans. The authorities for these regulatory
programs are based primarily on various sections of the River and Harbor
Act of 1899 (33 U.S.C. 401 et seq.) and Section 404 of the Clean Water Act
(33 U.S.C., 1125 et seq.).

Onr 18 December 1968, the Department of the Army revised its policy
with respect to the review of permit applications under Sections 9 and 10
of the 1899 Act. In addition to navigation other factors are addressed in
the review of applications, such as fish and wildlife; conservation;
pollution; aesthetics; ecologv; and the general public interest (33 U.S.C.
209.120).

Section 404 of the Clean Water Act established a permit program to
regulate the discharge, into the waters of the United States, of dredged
material and of those pollutants that comprise fill material. Authority
is given to the Chief of Enginecers to grant permits within the Section 404
guidelines. Authority is further given to the Administrator, E.P.A.,
subject to certain procedures, to restrict or prohibit the discharge of
any dredged or fill material that mav cause an unacceptable adverse effect
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on municipal water supplies, shellfish beds and fishery areas (including
spawning and breeding areas), wildlife, or recreational areas.

2.3 Public Concerns. Public concerns were submitted at a U.S. Army
Corps of Engineers Scoping Meeting held on Thursday, 26 February, 1981 in
Houma, Louisiana. Seventy-five individuals attended the meeting .
representing various federal, state and local agencies, engineering/
environmental consulting firms, special interest organizations, newspapers
and private interest including residents of the proposed project areas.

Issues raised at the scoping meeting were documented and categorized
into groups consisting of costs, current flooding, effectiveness of
projects, priorities among projects, and miscellaneous construction dates.

2.4 Project Objectives

2.4.1 (Critical Objectives. These include providing forced
drainage to those areas of the parish suffering high occurrences of
repeated high water conditions resulting from altered natural drainage
patterns, increased run-off from new development and minor tidal flooding.
Project levees will act as a barrier to future encroachment and develop-
ment of wetlands and protect nonwetlands from probable future tidal
flooding, deterioration and erosion.

2.4.2 Desirable Objectives. The objective is to provide forced
drainage parishwide to existing residential, commercial and industrial
developments and all undeveloped agricultural and other nonwetlands that
are probable for development in the future. Also significant wetlands
unavoidably encompassed within forced drainage areas will be maintained as
wetlands and protected from probable salt water intrusion and resulting
alteration or destruction,

2.5 Decisions to be Made. This document is to provide the necessary
information to the appropriate decision makers to select from among the
proposed alternatives the one that meets all of the critical objectives
and as many of the desirable objectives as possible, with the fewest
environmentally damaging impacts.

2.6 Introduction to the EIS., The Terrebonne Parish-Wide Forced
Drainage EIS is being prepared at the request of the U.S. Army Corps of
Engineers, New Orleans District, to accompany a 404 permit application for
26 proposed projects and five existing unauthorized projects individually.

Information contained in thc EIS is based on an outline prepared as a
result of data obtained from workshop meetings with various federal, state
and local agencies involved in environmental acceptance of the proposed
program. Also considered in outline preparation was data obtained from a
public scoping meeting held on February 26, 1981 in Houma, Louisiana.

This FIS should be considered a general statement for all 26 proposed
and five unauthorized preiects. Permit issuance cannot be realized until
U.S. Army Corps of Engincers acceptance of the EIS and acceptance and
approval of follow-up individual project environmental assessments. All
normal procedures associated with public review relative to processing
Section 10/404 Permit Applications will be in effect for each of the 31
forced drainage projects including possible mitigation measures and the
right to elevation for review by higher authority.
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3.0 Alternatives

3.1 Introduction to this Section. An infinite number of alternative
levee alignments exist due to the enormous proportions of the proposed
Terrebonne Parish-Wide Forced Drainage System. Alternatives were divided
into three major groups encompassing levee alignments entirely on non-
wetlands, levee alignments along the wetland/non-wetland interfaece and
levee alignments encompassing large areas of wetlands. The "No Action”
alternative will also be addressed as required by regulation.

3.2 Description of Alternatives

3.2.1 No Action. The Terrebonne Parish Police Jury's not
implementing the proposed forced drainage program will result in areas
already experiencing flood conditions to continue to do so with a probable

‘increase in duration, extent and height of flood waters., The continued

residential, commercial and industrial development resulting from the
continued production of domestic and foreign energy exploration and
production supplies and equipment will result in a probable increase of
run-off, causing flood conditions. Without the proposed forced drainage
program the continued development and intense competition for available
high land will result in increased pressure to utilize marginal wetlands
for further development opportunities. Minor tidal flooding will continue
in the-southern portions of the parish with continued subsidence and high
tide stages. Many bottomland hardwoods, swamps and freshwater marsh
associations within the proposed projects' levee confinements and proposed
to be maintained as such will be subjected to saltwater intrusion
resulting in habitat destruction or change. With this alternative the
monies required to construct, operate and maintain an additional 26 forced
drainage projects will not be required. Those adverse impacts on adjacent
wetlands resulting from construction of the proposed forced drainage
system will not occur.

3.2.2 Non-Wetland Alternative. This alternative consists of
constructing the proposed project levees by depositing excavated or fill
material only in non-wetland areas.,

3.2.3 Wetland/Non-Wetland Interface Alternative. Construction of
this alternative will consist of placing the proposed project levees along
the demarcation line between non-wetlands and wetlands.

3.2.4 Wetland Alternative. The wetland alternative design has the
proposed project levees placed out from the natural ridges within
wetlands.

3.3 Evaluation and Comparison of Alternatives. The non-wetland
alternative design results in no direct adverse impacts to wetlands
resulting from spoil deposition in wetland areas. Adverse impacts to
adjacent wetlands resulting from altered natural drainage patterns and
flows from uplands to wetlands will occur. Upland vegetation occurring
within the construction right-of-wav will be removed and maintained in the
future as a cleared right-of-way. Proposed collection, canal and levee
construction in uplands will utilize highly demanded areas for
residential, commercial, industrial and agricultural development.
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The wetland/non-wetland interface alternative will consist of placing
the proposed project levee alignments along the demarcation line between
non-wetlands and wetlands. A minimal amount of wetlands are utilized with
this design, resulting in fewer adverse impacts from dredging and spoil
deposition activities. This alternative also impacts the natural drainage
patterns and flows from the uplands to the wetlands. Those marsh, swamp
and wet bottomland hardwoods occurring within the construction ,
right-of~-way will be destroyed. This alternative will allow for all or
most of the non-wetland areas to be included within proposed project
boundaries. Only minimal and unavoidable wetland areas included within
project boundaries will be altered are adversly impacted.

A wetland design would consist of placing the proposed project levees
at the rear of property lines of individual property owners along the
natural ridges adjacent to the major waterways within the parish. This
alternative would result in encompassing large areas of wetlands to be
utilized as sump areas. All marsh, swamp and wet bottomland hardwoods
within the construction right-of-way will be destroyed. All natural flow
patterns and water levels within the wetland sump areas will be
eliminated, resulting in adverse impacts to existing flora and fauna.

This alternative would allow for drainage of all uplands and many
wetlands.
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Table IT1-1 summarizes probable acres of wetlands impacted by the
previously described alternative levee alignments.
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Table TIT-2 summarizes project acreage by habitat type for the
preferred wetland/nonwetland interface alternative.
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- Table III-1. Wetlands Impacted by Alternate Project Designs

. LEVEE ALIGNMENTS

T WETLANDS NON~-WETLAND WETLAND* WETLAND /NON-WETLAND INTERFACE*#*
Acres 0 46,400 14,849

*based on previous rejected project design encompassing large areas of
wetlands

**includes large areas of wetlands presently encompassed within unauthorized
project areas
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4.0 Affected Environment

4.1 Introduction to this Section. This section describes the major
habitats and their associated physical, biological, social and economic
components within the project areas and Terrebonne Parish proper. The
distribution of habitats within the 26 proposed and five unauthorized
project areas and locations and descriptions of proposed pump station
discharges are included in Appendix A. Descriptions of eight major
habitats are included at the beginning of each individual habitat
discussion.

Habitats have traditionally been a focus of impact discussions.
Habitats are characterized by accepted ranges on values of selected
variables or components. These components, in turn, are affected by
natural and man-induced processes and process changes. Therefore, the key
to understanding habitat assemblages, changes and impacts is to understand
the major driving mechanisms that induce change or maintain static
conditions on the variables of concern. Changes in some variables may
affect different habitats similarly (e.g. climatic change) while others
may be discrete. In order to provide a framework for understanding this
complexity, the detailed discussions are focused on the various physical,
biological, social and economic variables. Subsequent habitat discussions
include information on the variables of concern that are habitat specific
and refer the reader back to the more inclusive discussions included
below.

4.1.1 Physical

4,1.1.1 Meteorological and Climatological. The climate along the
Louisiana coast is influenced greatly by its subtropical latitude and its
proximity to the Gulf of Mexico. The climate of the Lower Mississippi
Region is controlled to a large degree by the seasonal changes in the
location and strength of the semipermanent high-pressure anticyclone of
the southern North Atlantic Ocean and by connected variations in the
patterns of development, movement and intensities of cyclonic storms in
subtropical and middle latitudes (Lower Mississippi Region Comprehensive
Study, 1974). Also, the marine tropical effect results from the fact that
the average water temperature of the Gulf along the Louisiana shore ranges
from 64°F in February to 84° in August (Sanders 1959).

Prevailing southerly winds in summer provide warm, moist,
conditionally unstable maritime tropical air that moves in a convergent
pattern over southern portions of the region throughout the summer season.
The air 1is made increasingly unstable by its passage over the warmer land
surface, and local showers and thunderstorms are a common afternoon
occurrence., Whenever westerly or northerly winds interrupt the prevailing
moist conditions during the summer, hotter and dryer weather results.

During the winter the project area is subjected to alternating cold
continental air and warmer tropical air, causing drastic variations in
climate conditions. Squall lines (instability lines) often develop 50 to
150 miles in advance of surface cold fronts moving across the coastal
area. These extensive but narrow belts of heavy convection produce strong
surface winds and heavy but usually brief rainfall. Unlike true fronts,
they are transitory, ordinarily developing to maximum intensity in a few
hours and then dissipating.
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. The mean monthly temperature is lowest in January and highest in
August (Table IV-1). Mean temperatures vary only slightly in an east-west
direction across the state. This pattern is basically latitudinal with

. some modification due to nicroclimatic effects and regional distributions
h of land and water.
W

Winters are usually relatively mild in the project area with an
average January temperature of 55°F. Even in January the region is
covered for considerable periods with warm, humid, maritime tropical air
B flowing northward from the Gulf of Mexico and the Tropical Atlantic.

.l' According to Kniffen (1968) the growing season along the Louisiana coast

or the period between the last freeze in spring and the first freeze in
=N the fall averages 317 dayvs. During shorter periods the region is also
.- dominated by very cold, dry continental arctic air. These sharp airmass
' contrasts make winter a season of strong temperature variability,

Summers in the project area are distinctly hot, with an average July
temperature of 82°F. Absolute and relative humidity are also high. This
combination of heat and humidity produces periods of oppressive sultry
weather with little cooling power.

The Louisiana coast generally has an abundance of rainfall, with an
annual average of 65.72 inches at Houma, Louisiana (Table IV~1). The
rainfall is fairly well distributed throughout the year, with the maximum
occurring in July and the minimum in October.

Hurricanes and tropical storms with strong cyclonic winds, high tides
and torrential rain are occasional visitors, approximately 1 per 15 years,
to the coastal region between June and November (Nichols 1959).

Snow is infrequent in the project area and when it does occur seldom
remains on the ground for more than a day or two.

For more detailed information pertaining to the hydroclimate of the
Terrebonne Parish vicinity, refer to Section 4.1.1.5.
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4.1.1.2 Topological. The highest natural land and drainage net-
works in Terrebonne Parish owe thelr origins to Mississippi River deltaic
depositional processes and subsequent destructional forces. Typical of
the Mississippi River deltaic formation, natural levees of active and
former stream courses form the high ground for settlement in this
near-sea-level setting. Between the trunk and distributary courses,
inter~deltaic and inter-distributary basins have formed (Russell 1936;
Morgan 1972). With connections to the Gulf of Mexico, these basins are
filled with bays, lakes, marshlands and swamplands.

Near Thibodaux natural levees of former distributaries fan out in
patterns similar to Head of Passes (Fig. IV-1) and flow generally south
southeast toward Houma. Bayous Little Black, Terrebonne, Blue and
Chacahoula comprise the major relict natural levees between Thibodaux and
Houma. Near Houma, Little Bayou Black waters entered Bayou Black, a
former Teche Mississippi River course and back-flowed toward Morgan City
(Russell 1967).

At Houma a second branching system of stream courses occurred. Major
courses include Bayou du Large, Grand Caillou, Petit Caillou, Terrebonne
and Pointe-Aux-Chenes. Downstream along these courses other branching
occurred as sediment laden waters flowed into shallow bays and the Gulf of
Mexico. Examples of these include Bayou Mauvais Bois that flowed
southwest off Bayou du Large, and Bayou St. Jean Charles branched off
Bayou Terrebonne to the southeast into the Lake Felicity basin. About
midway to the Gulf near Dulac, Bayou Grand Caillou branched into several
distributaries that include Four Point, Grassy and Bluff bayous.

Through the banks of stream courses between Thibodaux and the Gulf of
Mexico, crevasses and splays occurred. These processes constructed bulges
and fingers of high ground into the inter-levee depressions as sediment
laden waters breached or overflowed banks during periods of high river
water.

The natural levees decrease in elevation from upstream to downstream.
At Thibodaux the elevation ranges between 10-15 feet (300-480 cm) above
National Vertical Geodetic Datum (NVGD) and decrease to about 10 feet (300 cm) at Houma
sea level near their distal ends. Figure IV-1 indicates the general
characteristics of natural levee configuration and displays the
approximate position of the 5 foot (155 cm) contour line. Widths of the
levees range from about 1.5 miles (2.4 km) for Little Bayou Black south of
Thibodaux to a few tens of feet along smaller streams. Widths decrease
downstream where they narrow to only a few feet gulfward. Levee crests
attain levels established by overflow during high river water and their
backslopes are ordinarily concave skyward. Backslopes vary in steepness
from a decrease of 10 feet (300 cm) over a distance of a few hundred feet
to less than 10 feet (300 cm) away from large channels. Radiating outward
from Houma, the levees slope gently gulfward at about 0.7 ft. per mile and
approach NVGD in the southern portion of the parish.
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Bavou Chacahoula flows into the wecland basin between Bayou Little
Black and Bayou Black. Bayou St, Jean Charles branches off Bayou
Terrebonne into the inter-levee depression between Bayous Terrebonne
and Point.. Au Chisn. The dashed line paralleling the bayou natural
leveess marks the approximate 5 feet (155 cm) contour line, Dulac

is located on Bayou 7rand Caillou upstream from where it branches
.nto several channels.
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Elevation characteristics for natural levees along bayous in the
project area are shown in Table IV-2 by project. The information was
obtained from contours displayed on USGS Quadrangles and verified by
survey records on file at T. Baker Smith & Son, Inc. The information in
Table IV-2 is generalized and only reflects major trends along the seg-
ments of the bayous where the projects are located. The paucity of
surveyed elevation control in the marshlands and swamplands prohibits
refinement below the 5 foot (155 cm) contour line. Marshlands generally
lie at about mean water level but this is complicated by storm tides and
high gulf levels, high water in the Atchafalaya River and heavy rainfall
within the Terrebonne Basin. Concurrently with the variable water regimes
the area is subject to subsidence. It is likely that fresh water marsh
surfaces lie slightly higher than saline marshes. Swamplands also vary;
the lowest levels are present where pure stands of bald cypress occur.
These are usually in areas flooded most of the time.

In most of the projects the wetland upland boundary extends along the
natural levee backslopes near the 5 foot (155 cm) contour line or lower.
Along most of the bayous in the downstream direction the elevation
decreases to below the 5 feet (155 cm) above NVGD and are highly prone to
floods.

Subsidence that occurs in the area lowers the land surface and
affects both natural features and water control structures. It is an
important consideration in planning for this project.

The term subsidence as used in this report refers to factors which
are known to result in an apparent permanent lowering of the land with
respect to water level datums. This normally includes only those factors
that lower the elevation of the land, but some factors that raise the
elevation of the water is included because (1) the net effect on the
elevation displacement is the same; (2) it is frequently difficult to
separate out the two components from available data sets and; (3) both the
lowering of land elevations and the raising of water level elevations are
active mechanisms in Terrebonne Parish.

Permanent change caused by subsidence is used in the context of the
expected maximum lifespan of most construction projects (approximately 50
years). Related terms that are frequently used interchangeably with
subsidence include "submergence" as in the rate of coastal submergence and
"apparent sea level rise."

Except for the possible upward displacement of some sub-surface salt
domes, all of Terrebonne Parish is undergoing subsidence. Subsidence can
be perceived as a hazard as it increases the likelihood and magnitude of
coastal flooding and is one of the processes responsible for wetland land
loss in Terrebonne.

Subsidence is an effect and can result from a number of processes
including several which are man-related. Subsidence related processes
often interact, augment and probably have synergistic effects which vary
spatially and temporally resulting in complex patterns. The major
processes associated with the subsidence along the Louisiana coast have
been compiled in a general manner by Adams et al. (1976) and provides a
reference list of the more technical literature.
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Bayou "“acahoula flows into the wetland basin between Bayou Little
’lack * d Bayou Black. Bayou St, Jean Charles branches cff Bayou
Tevrebonme: into the inter-levee depression between Bayous Terrcbonne
and Poaint . Au Chien. The dashed line paralleling the bayou natural
Dulac
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The Mississippi Deltaic Plain, in which Terrebonne Parish lies, is
presently the most highly subsiding geological region along the United
States Coast as evidenced by an analysis of sea level trends using tide
gauges (Hicks 1968, 1972, 1978, 198l). During the past 40 years,
submergence of the U.S. Coast (except Alaska and Hawaii) has averaged
one~half inch per decade (Hicks 1981) but, as will be shown, Terrebonne
Parish may be experiencing greater rates. .

There is little data available to derive subsidence rates based upon
stable reference datums. Despite numerous problems associated with survey
bench marks (McEwen et al. 1976) they can provide useful datums provided
their recorded elevations are not used as absolute elevations. Their use
should be limited to showing only relative change in elevation through
time. First order surveys are the most precise of bench mark elevation
surveys. Several of these surveys were conducted along Highway 90 from
1919 through 1977 and provide a data base for the northern part of the
parish,

Supplementing the elevation survey data are water level records
obtained by various federal agencies including the Army Corps of
Engineers, Geological Survey, and the Department of Commerce. Analysis of
data from gauges in the vicinity of Highway 90 can be compared with
elevation surveys of bench marks providing some degree of data
reliability. Some differences in rates between the two data sets are to
be expected, as the water level trends reflect all factors that contribute
to net displacement of land and water, whereas bench mark surveys only
reflect factors which contribute to land rising and sinking. Use of water
level records also provides a data base for determining submergence in the
southern part of the parish where first order surveys are not available.

In Watson's (1981) analysis of the re-leveling surveys of bench marks
along Highway 90 from Baldwin to New Orleans, an average subsidence rate
of 1.0 ft. (30 cm)/50 yr. was calculated. In reference to Terrebonne
Parish only, 1.0 ft/50 yr. appears to be valid for Highway 90 west of
Houma to the Assumption Parish line. Northeast of Houma along Highway 90
subsidence rates are approximately 50 percent greater; however, this may
be an effect of differences in road construction. West of Houma,

Highway 90 lies on top of levee deposits whereas northeast of Houma the
road runs transverse to many of the levee deposits thereby crossing over
less stable inter-levee basins. Thus the weight of the road and road
surface may be locally accelerating the subsidence rate.

Long-term trends (several decades) in water level have been analyzed
for the gauge at Amelia in St. Mary Parish (Baumann and Adams 1982) and
for several gauges east of Bayou Lafourche (Baumann 1980). The tide gauge
at Cocodrie was analyzed similarly to provide a better spatial resolution.

Water levels at Amelia after accounting for the year-to-year effects
of Atchafalaya discharge have been significantly rising through time at a
rate of 0.028 ft. (0.85 cm)/yr. since 1955 (Baumann and Adams 1982).
Assuming this trend will continue into the future, mean water level at
Amelia will appear to rise with respect to the present land surface by 1.4
ft. (42 cm) in 50 years. 1In addition to the effects of subsidence on the
gauge at Amelia, the lengthening of the course of the Atchafalaya River
through delta development is resulting in water level rise through time
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given the same discharge. This rise is associated with decreased
gradients and sediment deposition. It has been projected that given a
once-in-a-hundred-years flood event, water levels in northwestern
Terrebonne will be 4.0-5.0 (120-155 cm) feet higher in 50 years than they
would be presently with the same flood event (USACOE 1981). The same

I effect but of lesser magnitude can also be expected for central and
eastern portions of the parish. .

The tide gauge at Bayou Rigaud behind Grand Isle has been reflecting
an apparent sea level rise of nearly one-half inch (1.23 cm) per year for
the past 25 years. If this rate continues for the next 50 years, sea
level will apparently rise by approximately 2 feet (61.5 cm). The tide
gauge at Cocodrie has been in operation since 1969 and has been recording
an apparent rise in sea level of approximately 125 percent that of Bayou
Rigaud. Extrapolating to the next 50 years results in a projected
apparent sea level rise of 2.5 ft, (77 cm) at Cocodrie.

To the northeast of Terrebonne Parish, gauges at Des Allemands and on
Bayou Chevreuil near Chackbay have been in operation since the mid-1960's
and have been recording a submergence trend approximately 90 percent that
of Bayou Rigaud or 1.18 ft. (51 cm) over the next 50 years assuming
current trends will continue.

In summary, considering the limitations of data sets employed for
analysis it is apparent that Terrebonne Parish is experiencing fairly
rapid (from a geologic reference) submergence rates. The northern part of
the parish where most of the forced drainage projects are located is
presently subsiding at a range of approximately one foot (30 cm) per 50
years. In addition, factors such as possible eustatic sea level rise and
the elongation of the Atchafalaya River system are contributing additional
rises on the elevation of the water with respect to the land. Rises
associated with the Atchafalaya River may be resolved by management
practices (e.g. USACOE 1981), but there is little management can do to
prevent or retard the other factors that result in coastal submergence.

The suggested management strategy proposed here is to recognize sub-
mergence as a long-term hazard to residents of Terrebonne Parish. The
focus is to manage development and protect the existence of already
daveloped areas.

DR

Although precise subsidence rates cannot be determined on a project
by project basis, it is suggested that an estimated subsidence rate be in-
corporated as a factor on the expected longevity of each of the projects.
In order to obtain better spatial resolution of subsidence rates, an
expanded data bace should be sought., Incorporation of less than
first-order surveys of bench marks into the data base is suggested despite
some loss in precision. Bench marks are contained within most, if not
all, project areas. 1t is further suggested that efforts be made to
obtain the releases of proprietary first-order survey data.
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In addition to the rates and effects of subsidence through land
lowering and rising water levels, the projects can affect local subsidence
rates through weight of material loaded on the surface. It is unlikely
that the projects which are confined to the natural levees will affect
subsidence rates to any appreciable extent beyond that which has already
occurred or is occurring from the weight of existing roads, buildings,
etc. Projects that span and impound inter-levee wetland basins possess
the potential to accelerate subsidence. 1t can be expected that these
areas will sink if enclosed small basins are pumped dry. The degree to
which the local water table is lowered and the relative amount of organic
material present in the substrate are major controlling factors. The
numerous failures of marsh reclamation projects that dot the deltaic plain
landscape provide visible evidence of surface subsidence due to oxidation
and compaction of organics resulting from lowered water tables. This type
of subsidence problem occurs during a relatively short time period and is
irreversible once it occurs. It is recommended that in the prcject areas
that extend across levee systems, an analysis of the subsidence potential
caused by pumping be performed for each location. It is suggested that
should the above problem potentially exist for any project area, the
feasibility of maintaining the natural water table be considered. This
would limit pumping to drain off surplus waters only and would help to
prevent oxidation and shrinkage from occurring. It should also be noted
that impounding prevents the external introduction of sediment to the
area. The input of sediments as well as the formation of peats are
important processes in maintaining the elevation of the marshes with
respect to subsidence. If water levels are not favorably maintained for
peat development, it can be expected that the marsh will be lost to more
aquatic habitats due to long-term subsidence related processes.

4.1.1.3 Geological. The geology of Terrebonne Parish is intricately
interrelated with delta development in coastal Louisiana. The parish lies
astride several overlapping deltaic sequences of sedimentation that are
complexly intercalated in time and space. During periods of deltaic
construction, depositional processes dominated and Mississippi River
distributaries were extended gulfward building new land. Shifts in the
river to other localities decreased sedimentation and allowed the onset of
destructional forces and gulf processes became dominant (Coleman and
Gagliano 1964; Morgan 1974). Contemporaneously with depositional and
erosional sequences, sea level changes, mainly rising, and land subsidence
was occurring.

In planning for maintenance and multiple use of the phvsical and
biological resources of the area, both short and long term geological
processes need to be brought into focus. Louisiana's continental shelf
beaches, barrier islands, bays, lakes, marshlands and swamplands
constitute major environments that provide richly endowed habitats for
wildlife and fisheries production. Terrebonne Parish is well endowed with
all of these habitats. The relativelv narrow fingers of natural levees
extending through and in close proximitv to these environments provide the
high ground for settlement.
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The geological episode referred to as the Holocene or Recent spans
) about the past 17,000 years (Morgan 1970). Holocene time is
- characterized by ameliorating climates and sea level rise. There are four
= significant geological processes operating contemporaneously that have
" contributed to the present deltaic landscape in Louisiana. These include:
u sea level rise; deltaic formation by the Mississippi River; land

subsidence; and destructional processes. .

4.1.1.3,1 Sea level changes. At the culmination of the last glacial
period, ice covered large areas of the polar and mid-latitude continental
. land areas. During Holocene times almost two-thirds of this ice melted
I and water returned to the seas. Melt waters resulted in sea level rise
K from a position about 400 feet (120 m) below present level (Figure IV-2)
) (Fisk 1954; Russell 1936; Saucier 1974; Adams et al. 1978; Kolb and Van
T Lopik 1958). Rates of rise are thought to have been more
' rapid at first but diminished during the past 7,000 years (Morgan 1970).
There is disagreement by students working on the problem on details of
II sea level changes, and definitive work remains to be done. However, in
of coastal Louisiana available evidence indicates that sea level rise
e continued at a decelerating rate and reached its present level about
- 3,000-3,500 years ago (Coleman and Smith 1964; Coleman 1966).

L During this major marine transgression, shorelines have receded from
| approximately the edge of the continental shelf to its present position.
Shoreline features such as beaches and barriers were left inundated on the
shelf. Sandy deposits, such as Ship Shoal that lies about 15 miles
seaward of Isles Dernieres, is likely a beach or barrier island feature,
but more study is needed (Morgan 1970). Since that time there have been
only minor changes, measurable in terms of a few feet.

More precise data on sea level changes are available from
continuously recording tide gauges that are maintained near sea ports.
These gauges have been in operation for only a short period of time. The
first tide gauge established in the Gulf of Mexico at Galveston was in
1909. Over this relatively short period of time the recordings show a
rise of over one foot (32 cm) (Marmer 1952). Since the gauge was mounted
on pilings, records show both sea level rise and subsidence of the land.
It is difficult to separate the two processes with this kind of record.
However, general trends can be shown by comparing gauge readings at
Pensecola, Florida that is considered stable with the Galveston gauge and
other gauge readings in Louisiana (Swanson and Thurlow 1973).

The general trend, despite the lack of precise data, shows that there
has been a resulting inundation or marine transgression. Although a one
foot (32 cm) relative rise in sea level as shown by the Galveston gauge
appears to be an insignificant amount, in the low marshlands and
swamplands of coastal Louisiana many hundreds of square miles are
inundated. Such transgressions result in environmental changes affecting
animal and plant habitats. In recent years the natural changes have
continued concurrently with increased human use for recreational,
commercial, and mineral exploitation. It is difficult to separate the
amount of impacts caused by man's activities from those occurring
naturally.
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Lunar and wind tides cause short-term changes in water levels that
are important dynamic processes to consider. Gulf coast lunar tides
average about 1.5 feet (46 cm) and are mainly daily rather than twice
daily as is the case in most parts of the world. When combined with wind
tides their effect can be dramatic. Wind tides can occur throughout the
year and often exceed the elevation of lunar tides. South winds raise
water levels by transporting marine waters into the coastal lowlands.
North winds reverse the process and force water gulfward, resulting in
depressed levels in the marshlands and bays. These forces result in a
continuum process for nutrient and water exchange between the gulf and
coastal waters. Storms accentuate the processes and result in erosion of
shores and coasts.

In addition to lunar and wind tides affecting water levels along the
Terrebonne Parish coast, variations in gulf levels and fresh water runoff
occur seasonally. Raised gulf water levels occur during the months of
September and October (Byrne et al. 1976). The causes are not fully
understood and need investigation (Baumann 1982). Additional problems
relevant to fresh water discharge was discussed in the topological
section.

4.1.1.3,2 Deltaic Formation. Deltaic formation that contributed to
the present complex land area began about 7,000 years ago when sea level
was a few feet lower than present (Morgan 1970). At about this time the
marine transgressive began to slow and deltaic sedimentation, previously
overwhelmed, became more pronounced. About 5,000 years ago the focus of
deposition was in central coastal Louisiana, the location of the
Sale~Cypremort delta (Fig. IV-3).

Gulf level at that time was approximately 10-15 feet (3-5 m) below
present level. The Mississippi River favored a more eastern course and
abandoned the Sale-Cypremort (Kolb and Van Lopik 1958) and subsequent sea
level rise and wave attack reworked the deltaic mass. Trinity and Tiger
shoals, seaward of the Atchafalaya Bay, remain as submerged bars (Morgan
1973).

Cyclical deltaic sedimentation by the Mississippi River has been
rather thoroughly described (Kolb and Van Lopik 1958; Scruton 1960;
Coleman and Gagliano 1964; Morgan 1970; Gould 1970) and can be briefly
summarized as follows: On reaching the Gulf (base level), an alluviating
river such as the Mississippi is forced to deposit its entrained
sedimentary load because its flow-velocity diminishes. Resulting
sedimentary deposits accumulate, forming a delta and gradually building
seaward {prograding). The river branches time and again to form an
anastomosing, radiating pattern typical of deltaic distributaries. As
each distributary lengthens, its gradient diminishes, and the channel
becomes increasingly inefficient. The deltaic distributaries ultimately
cannot handle their water and sediment loads, and the river is forced to
divert through some distributary that has a shorter route (and steeper
gradient) to base level, During the past several thousand years, this
sequence has reoccurred several times, with the result that the river has
fashioned its deltaic plain from a number of overlapping deltaic lobes
(Figure 1V-3). Subsidence, mainly compaction of soft, newly deposited
sediments, has allowed later delta lobes to prograde across and over older
sequences. FErosion, sea level rise and subsidence have nearly obliterated
the surface expression of this early delta.
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About 3,500 years ago sea level reached a near standstill with only
minor fluctuations since then (McIntire 1969). During this period
deltaic deposition became the dominant process leading to the development
of the broad deltaic plain (Figure IV-3) in southeastern Louisiana (Kolb
and Van Lopik 1958; Frazier 1967; Gould 1970).

As shown on Figure IV-3, the several sites or "lobes" of deltaic
sedimentation have alternately shifted from east to west and gradually
prograded or built seaward across the continental shelf. The present
(Balize) delta has now prograded to within a few miles of the shelf edge.
Because this delta is prograding into relatively deep water it is building
seaward very slowly and has fashioned a relatively small, but thick,
sedimentary deposit. More significantly, most of its sediment load is
being deposited in deep water and thus lost to the system.

Early in the twentieth century the Mississippi River began
discharging some of its flood waters into the basin drained by the
Atchafalaya River. For about a half century the sedimentary load of the
Atchafalaya gradually and progressively filled the numerous lakes, ponds
and depressions within the basin. During the past decade or so, however,
the sedimentary load has been finding its way into Atchafalaya Bay and a
new delta, arother diversion of the Mississippi River, is effectively
initiated.

Terrebonne Parish lies within the region constructed by the Teche
Mississippi and Lafourche Mississippi delta complexes. Frazier (1967)
refined the delta sequences reported in 1958 (Kolb and Van Lopik) through
analysis of peats associated with sedimentary sequences. He also showed
that Mississippi River distributaries flowed contemporaneously in several
parts of the deltaic plain and consequently river diversion is a complex
process occurring over long periods of time. His study delineates the
early Teche Mississippi and indicates it was formed about 5,500 years ago
and the lobe extended eastward to approximately Houma. Bayou Black
(Fig. IV-4) is considered to be located in a former Teche Mississippi
channel,

Frazier's (1967) study delineated five sequences of sedimentation
associated with the Lafourche Mississippi delta complex. Sedimentation
sequences were also found to be older than previously reported by Kolb and
Van Lopik (1958). The Lafourche Mississippi sequences in Terrebonne
Parish include:

Bayou Terrebonne 3500 - 2100 years ago
Baycu Blue 1900 - 1800 years ago
Bayou Black 1700 - 1100 years ago
Bayou Lafourche and Terrebonne 800 - 80* years ago
Bayou Lafourche 300 - 80* years ago

*Bayou Lafourche was artificially closed in 1903-04.
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The dashed lines encompass the general area of sedimentation

tor cne carly phases of the Lafourche Mississippl delta. Dotted
Pines outline the general area of the late phases. Bayvou Lafourche
v artifically closed in 1903-04 (Elliott 1932).
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The understanding of how the Mississippi River has constructed the
deltaic plain provides insights into the complex geologic history of
Terrebonne Parish. River diversion is a slow and continuing process. 01d
trunk and distributary channels can be reoccupied by later flow, and the
river can be discharging in a number of localities at the same time. This
was the situation in Terrebonne Parish.

The general focus of the early and late phases of the Lafourche
Mississippi delta complex is shown in Figure IV-4. Sea level rise, land
subsidence and sedimentation has resulted in burial of some of the older
distributary systems. Artificial closure of Bayou Lafourche at
Donaldsonville in 1903-04 severed Mississippi River water and sediments
from the area. At the time of closure, it is thought that the bayou was
discharging about 32,000 cfs (Elliott 1932).

Bayou Black is complexly related to three distinct river systems
occupying the same general channel. The Teche Mississippi River formed
the original channel before diverting to the eastern side of the alluvial
valley. Following the diversion of the Mississippi River from the Teche
channel, the Red River continued to flow within the levees cf the master
stream for a relatively long period of time before diverting elsewhere
(Russell 1938). Red River deposits of characteristically reddish-orange
colored sediments formed natural levees within the former Mississippi
River channel, The reddish-orange color is in contrast to the gray-brown
sediments transported by the Mississippi River. These deposits can be
traced to west of Houma in the substrate. Later Mississippi River changes
resulted in forming the Head-of-Passes for the Lafourche channel of the
river near Thibodaux. Bayou Black, a distributary off the Lafourche
Mississippi system, entered the former Teche-Red River channel near Houma
and back-flowed up the former course to near Morgan City where it flowed
southwestward into the Gulf of Mexico. Bayou Black sediments buried both
the former Teche Mississippi and Red River deposits. These river changes
spanned a sufficient length of time for land subsidence to lower the Teche
Mississippi and Red River levees to near or below present sea level.

4,1.1.3.3 Land Subsidence. Since the subsidence problem affecting
Terrebonne Parish was covered in the topological section, this discussion
will be confined to processes that are relevant to the regional geology of
deltaic counstruction and deterioration. The east-west-trending Louisiana
coastline generally follows the axis of a downwarped section of the
continental margin known as the Gulf Coast Geocyncline. Tens of thousands
of feet of deltaic and shallow-marine sediments have accumulated in this
subsiding trough during the past few tens of millions of years. These
Cenozoic~-age sediments are the source beds for south Louisiana's rich
petroleum and natural gas accumulations. The geosynclinical sediments
reveal a nearly continuous record of basin subsidence contemporaneous with
sediment deposition. Such subsidence continues to affect coastal
Louisiana, but at rates that become significant only when considered in
spans of many thousands of years.

A more significant, short-term factor is the localized subsidence
that accompanies compaction and water expulsion from newly-deposited
sediments. Vast quantities of river-borne sediment are dumped rapidly as
the Mississippi River builds its delta seaward at the continental margin.
Initially, this sediment contains a large proportion of water trapped in
the voids among the sediment particles. As sedimentary
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deposits accumulate, loading causes much of the interstitial wster to be
driven out with a resulting compaction and subsidence of the surface.
Deltaic deposits are composed dominantly of clay and silt-sized particles
with a smaller percentage of fine-to-very-fine sand. In addition, there
is a highly variable but significant quantity of deteriorating and
decomposing organic material--products of the marsh and swamp flora that
grow so profusely in Louisiana's deltaic environments. .

In general, the amount of subsidence resulting from compaction is
proportional to the thickness of sediment being compacted. Sediments
deposited during the Holocene (Recent) geological episode are those which
contain high fluid contents and are thus subject to compaction.
Geologically older materials (Pleistocene or Tertiary) have lost most of
their original interstitial fluids and are thus not as subject to
compaction. Hence, subsidence rates in Louisiana are proportional to
thickness of Recent sediments. Details of Recent sediment thickness of
the deltaic plan are not well-known except that they delineate a wedge of
sediment thicker toward the Gulf and thinning to the north, east, and
west. Maximum Recent sediment thickness occurs in the delta plain south
of New Orleans and at the mouth of the active delta. It is within these
areas that subsidence rates through compaction should be at a maximum,

4.1.1.3.4 Destructional Processes. Delta construction and
destruction are continous processes vying for dominance with sedimentation
decrease in one area and increase in another as the river shifts its
course. During the process of diversion, one site of deltaic
sedimentation is progressively receiving less sediment while another is
receiving more (Fisk 1952). The processes of sediment compaction continue
unchanged, however, with the result that abandoned deltaic areas gradually
subside, allowing Gulf waters to invade interior lowlands. The seaward
edges of these deltas, being deprived of new sediment, are exposed to the
full erosional forces of Gulf waves and currents. Fine-grained deltaic
materials such as silts, clay and organics are removed by wave erosion
leaving as a residual deposit the coarser sands and shell materials.
These fragmental materials are fashioned by wave action into narrow beach
deposits fringing the periphery of the subsiding abandoned delta
marshlands.

As subsidence continues, waves progressively rework the fringing
beaches and underlying deltaic deposits, adding the coarser particles to
the beach deposit including shells of organisms, while winnowing and
removing the fines., Where sand is abundant, broad, thick beaches develop;
where sand is deficient, beaches are narrow, thin and composed dominantly
of shell fragments. By this process of accumulation the marshland beach
gradually grows in size as it retreats across the deltaic marshlands
toward the interior.

In a recently abandoned delta the beach deposit is small, subsidence
rates are high, and coastal retreat is rapid. In older deltas the beach
deposit increases in size and it cannot be reworked landward as rapidly as
subsidence and salt water intrusion destroy the interior marshlands.
Gradually the beach deposit is left behind, still migrating landward, but
separated from the marshland by a bay or open body of water. The
marshland beach thus gradually becomes a deltaic barrier island.
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Once the deltaic barrier islands are formed, they receive their
nourishment primarily from erosion attacking the marshland sea edge. The
sediments are winnowed by wave action and littoral currents. The coarse -
sediments are transported downcurrent where they accumulate on the barrier '
island (Kwon 1969). Depletion of delta front material results in
deficient material to maintain them. Barrier island erosion becomes
dominant. .

Beaches in Terrebonne Parish are all related to marine destruction
and reworking of Mississippi River deltaic depasits. No sediments are
derived from older than Holocene deposits nor from nondeltaic continental
shelf material. Therefore a classification of the beaches and barrier
islands must be related to delta development and destruction. Marshland
beaches and deltaic barrier islands characterize the coast landforms.

Marshland beaches extend along the Terrebonne coast from Point au Fer
to Caillou Bay, a distance of about 25 miles (40 km). This stretch of the
coast extends across the eastern lobe of the Sale-Cypremort, the Teche and
Early Lafourche Mississippi deltas. Through subsidence, sea level rise
and wave attack, the Sale-Cypremort and Teche deltaic remnants lie well
below present sea level. Marine processes have dominated this area for a
relatively long period of time and coastal erosion has been severe.
Typical of marshland beaches, a narrow, relatively thin layer of shelly
sand caps the marshland sea edge. Marsh remnants in various stages of
decay are frequently exposed along the strandline.

Morgan (personal communication) updated his 1974 and 1977 studies to
include the EPA Infra-red photo coverage of 1978, He concluded that
shoreline erosion was accelerating. His calculations show that measure-
ments taken from air photo coverage between 1954 and 1969 showed a loss of
535 acres over the 15 year period for this marshland beach section.
Between 1969 and 1978 the amount increased for the 10 year period to 884
acres. The acreage computed for the 46 year period 1932-1978 showed a
loss of 2,589 acres. The rate of retreat between 1969 and 1978 amounts to
about 24 feet (8 m) per year.

It should be emphasized that the deltaic barrier islands differ
significantly from non-deltaic barrier islands of the Gulf and Atlantic
coasts., Non-deltaic barriers were formed mainly against older than
Holocene age deposits during the marine transgression. As a group they
should be older in age and the sand that comprise them is usually coarser
than the deltaic barriers. Since the coarse materials that the
Mississippi River transports to the Gulf are fine to very fine sands,
those are the sediments that form the barrier islands.

The barrier islands fronting Terrebonne Parish were formed from
deteriorating Lafourche Mississippi delta complexes (Figure IV-3). The
Early Lafourche was abandoned in favor of the Late Lafourche delta and the
beginning phases of the Balize or modern delta some time before Europeans
moved into the Gulf Coast. For the past few hundred years the numerous
radiating deltaic distributaries of the Early Lafourche complex have
continued to subside, lakes and bays have enlarged in the lowlands between

p’- distributary ridges, and a series of deltaic barrier islands (Isles
o Dernieres, Wine I., Caillou I., and Brush I.) have formed and migrated
- landward under the influence of wave action and coastal currents,

IV-20

e el e o - .

“e ‘" a"a" . - . . . . ce R Ce et . ) . B .. . .
‘ i el Nl y T - - N . .t Lo - - o« eg . Ce e - o - ., . . . -

LSl il Sl S S N, = S IR IR R U IO L. WL, SIS AP DUV R W0 ¥ WA W JPAL SPAE. SPULIPEAPURAPVLIr WAy SRy SN R SOVE S VS R e R L R RS UL S S g




River diversion from the Early to the late Lafourche system probably
was not a sudden event but one that required several centuries or so. As
Bavou Lafourche received an increasing volume of water and sediment, it
prograded rapidly and built at least one maior subdelta to the southeast
of the present town of Larose (Figure IV-4), In its final phase of
progradation, Late Lafourche distributaries extended seaward, well bevond
the destructional barrier island shoreline of the Early Lafourche system.

Diversion of the Mississippi from the Late Lafourche subdelta to its
modern site took place several hundred years ago, and by the time of
earliest historical records and maps, the Late Lafourche system was well
into its destructional phase. Wave attack on the distributaries and
marshes caused rapid shoreline retreat, and the coarser fractions (fine
and very fine sands) were concentrated to form the forerunners of
Timbalier Island. With continued deltaic deterioration the Timbalier
Island barrier island complex formed.

Map comparison by Morgan and larimore (1957) and later updated by
Morgan (1977), and personal communication, 1980 studies by Wicker and
Adams et al. (1978) show accelerated area loss and coastline retreat in
the barrier island systems. While Timbalier Island has retreated landward
under wave attack, it has also migrated westward under the influence of
tne prevailing coastal currents. During a period of 116 years, the west
end of Timbalier Island has moved northwestward about 4.25 miles (6.8 km),
establishing a new shoreline trend seaward of the Caillou-Brush island
remnants of the early Lafourche delta.

iiorgan (personal communication 1980) said that shoreline loss for
Isles Dernieres between 1932 and 1978 averaged 27 feet (8.2 m) per year.
Between 1969 and 1978 the rate of shoreline loss accelerated to 63 feet
(19 m) per vear. Wicker (1980) shows a retreat rate for Timbalier Island
to average 41 feet (12.7 m) between 1955 and 1978.

Area land loss for the deltaic barriers is also dramatic. Morgan
indicates that between 1969 and 1978 Isles Dernieres lost over 900 acres.
Timbalier Island experienced a loss of about 530 acres during the 10 year
period (1969-1978).

Diminished sizes of the barriers also indicate that inlets between
islands have widened. Inlets through the Isles Dernieres have opened up
about one mile (1.6 m) over the ten year period between 1969 and 1978.
Inlet widening increases exposure of inland bays and marshlands to marine
waters. There are no time-depth studies on the measurement of inlet
profiles, consequently computing water volume increase between the bays
and the Gulf attributable to inlet widening is not possible.

The trend of land loss through the destructive processes of sea level
rise, subsidence, sediment deficiency, and waves and currents extends
inland affecting water and land habitats. The processes are enhanced by
accompanying salt water intrusion,

Habitat alteration and land loss studies have been made by Gagliano,
et al. (1970), Chabreck (1978), Adams et al. (1978), Craig et al. (1979)
Wicker et al. (1980), and Gagliano et al. (1981) that show dramatic
changes in the coastal environments. For a more comprehensive treatment,
reference should be made to the above cited publications. The messages of
each studv are the critical changes that are occurring and the need for
in-depth multiple use planning, maintenance and management.
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: Chabreck resurveyed his 1968 profiles in 1978 and by comparing the
; changes in marshland habitats over the 10-year period showed the results
‘ listed below for Terrebonne Parish.

Frash marsh altered to intermediate 101 sq. mi. C-
Fresh marsh altered to brackish 22 sq. mi.
Intermcdiate marsh altered to brackish 30 sq. mi.
Brackish altered to saline 55 sq. mi.

’

In the western part of Terrebonne Parish that is subject to fresh
water discharge from the Atchafalaya River, 39 square miles of brackish
marsh were changed to intermediate and fresh marshes.

I A more comprehensive analysis of habitat changes in Terrebonne Parish
has been completed subsequent to Chabreck's studies (Wicker et al. 1980).
The narrow natural levees provide the only dry land suitable for
development and agricultural purposes. Nearly all of the levee hard-
wood forests originally covering Terrebonne Parish have been cleared for
residential use and more recently as a result of energy related
activities, commercial and industrial development. The dynamic growth
of oil and gas exploration during the last three decades has placed an
entirelv different demand on the relatively few chunks of high-and-dry
real estate (MDPR). The need for onshore support bases, platform
fabrication and pipe supply yards and ship construction and service
yards have increased exponentially (MDPR). The extemnsive second growth
cypress—tupelo swamps have grown significantly since they were clear-cut
primarily for the harvest of virgin cypress around the turn of the
century.

The most obvious and more serious change has been land loss
(Table IV-3). This phenomenon is more pronounced in the south and
southeastern portions of the parish and is associated with a number of
natural and man-influenced factors.

4,1,1.4 Soils. Terrebonne Parish soils were derived from slightly
acid to moderately alluvium parent material deposited by the Mississippi
River and Red River. These alluvial sediments were left by the
distributary streams of several deltas of the Mississippi River. The
oldest delta deposits have been buried, in part, by deposits from
successively younger deltas.

The alluvium was derived from widely separated and different geologic
sources. The sediments came from the phosphatic soils of the Tennessee,
from the limestone soils and limestone of the upper Mississippi River
Valley, and from the Permian "Red Beds" of Texas and Oklahoma. By
comparing the chemical composition of the soils and colloids of the
Mississippi River bottom, it is concluded that most of the alluvial
materials come from the eastern slopes of the Rocky Mountains and from the
Great Plains area.

Silt loam and silty clay loam were deposited on the naturallevee
ridges that parallel the streams; clay and silty clay sediments were left
on the back-swamp borders of the ridges in areas of marsh and swamp
(Figure IV-5). Table IV-4 lists soil types occurring within each proposed
forced drainage project. Table IV-5 lists soil types within each habitat

¢
E type.

3 Appendix A describes the four major soil associations occurring in
Terrebonne Parish with detailed descriptions of representative soil
series, types and phases occurring in project areas.
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4,1.1.5 Hydrological

4.,1,1.5.1 Introduction. This section provides a hydrological
characterization of Terrebonne Parish by functional habitat. It is an
essential step in developing a framework for the systematic evaluation of
the effects of engineering projects on hydrological processes.

Hydrological processes clearly are not constrained by political
boundaries; to understand these processes and their effects it is
necessary to consider the political entity in the context of relevant
geophysical considerations. This approach leads to the development of
hydrologic units (Fig. IV-6) to describe certain aspects of the physical
environment of coastal Louisiana (Gagliano et al. 1970). Each unit shown
in Fig. IV-6 is a natural catchment basin which is open at the lower or
Gulf end.

Hydrologic Unit V of which Terrebonne Parish is an integral part is
bounded on the east by the levees of Bayou Lafourche and the Mississippi
River, on the west and north by the Avoca Island, East Atchafalaya Basin,
Morganza Floodway and Mississippi River levees and on the south by the
Gulf of Mexico. Hydrologic Unit V is further subdivided later in this
section for the purpose of water balance computations and analysis.

4,1.1.5.2 Study Procedure. The hydrological assessment consisted of
two major tasks:

1} Literature search for pertinent information and relevant data.
2) Preliminary assimilation and analysis of selected data sets.

Physical parameters investigated included water level, salinity,
precipitation, evaporation and air temperature.

A crucial parameter in hydrologic studies is flow or discharge
through principal watercourses of a drainage basin, which is, of course, a
central element in the overall water balance. Presently there is no
program operating to systematically gauge the discharge of all the major
bayous and canals which drain the area; therefore, we have employed the
use of standard water flow models to simulate natural conditions,

Low land elevations south the Gulf Intracoastal Waterway (GIWW) make
this area susceptible to a periodic inundation by Gulf waters driven by
hurricanes and other major storms. Because of the potential flood hazard
it has not been prudent for appropriate agencies to establish permanent
meteorological monitoring stations in the southern part of the basin. We
therefore relied on data from meteorological stations in the upper portion
of the basin to infer basin-wide processes.

4,1,1.5.3 Drainage Pattern. Terrebonne Parish is transected by
more than 140 named bayous and canals (T. Baker Smith & Son, Inc. 1979).
These watercourses carry and distribute runoff water generated both by
local precipitation and by rainfall falling in the drainage basin to the
north., Not coincidentally, the four most important bayous in terms of
water storage capacity are those which have experienced the most cultural
development upon their levees. These include Bayous Grand Caillou,
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Dularge, Terrebonre and Petit Caillou (Fig. IV-7), thz dimensions of which
are given in Table IV-6. The Houma Navigation Canal (Fig. IV-V), a
relatively recent man-made channel (Table IV-6), is also an important
conduit for distributing runoff water. Secondary water routes,

(Table IV-7) although not as important as the five primary charnels, may
be expected to carry significant quantities of water during those times of
the year when there is an excess of precipitation. .

The majority of the bayous and canals (Tables IV-6 and 1IV-7) are
distinguished by the fact that they trend generally north-south; thus they
carry water from the higher elevations in the northern part of the parish
toward the marshes and coast. A notable exception to the general trend is
the Gulf Intracoastal Waterway (GIWW) which runs east-west, partitioning
the parish in a north~south direction. Approximately 75% of the parish
area is Gulfward of the GIWW. The GIWW exerts a significant influence on
the local hydrological regime acting as it does as a type of manifold,
receiving much of the water from the upstream catchment basin at one point
and distributing it to various bayous which intersect along its length.

4.1.1.5.4 Hydrological Characterization of Habitats.
Hydrologically it is convenient to divide the coastal environment into
wetlands depending upon whether surface water is present or absent
throughout a substantial part of the year. The non-wetland category is
comprised of two specific physical-biological environment types: (1) levee
hardwood forest and (2) agricultural and residential, both
of which are included in the other upland habitat category. The
nonwetland jabotats generally lie above normal tide levels but may be
subject to occasional inundation from extreme natural events such as storm
surges and abnormally high amounts of rainfall.

The wetland category includes: (1) saline marsh; (2) brackish marsh;
(3) intermediate marsh; (4) fresh marsh; (5) cypress-tupelogum swamp; and
(6) wet bottomland hardwood forest. The six wetland habitat types occupy
approximately 407 of the area of the parish., The saline, brackish, and
intermediate marsh types, together with the principal water courses and
the extensive open water areas of the southern portion of parish,
delineate an important estuarine environment.

Estuaries which are characterized by communication with the sea
through narrow, restricted entrances and by relatively low tide ranges are
frequently referred to as bar-built estuaries (Pritchard 1952). The
Terrebonne~Timbalier Bay complex clearly is of this type. The bay-lake
complex in the southwestern part of the parish may be classified as a
bar-built estuary during that period of the year when the zarea exhibits
estuarine characteristics. The proximity of this area to the Atchafalaya
River outflow exerts a strong influence on the adjacent marshland,
debouching large quantities of water and sediment into the marshes during
periods of high river flow.

The main independent and controlling variables in estuaries are tides
at the sea surface and freshwater from stream flow and land runoff. The
geomorphology of the land surface and the nature of the geological
materials which form the substrate over which the water flows determine
the boundary conditions of the system.
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Table 1IV-7

5{. Secondary Drainage Routes in Terrebonne Parish

n Name

S Avoca Island Cutoff Bayou Drainage Channel
g Bayou Big Parasol

Lo Bayou Black

) Bayou Charles Theriot
. Bayou Chauvin

Bayou Chene

Bayou Chine

Bayou Cocodrie

Bayou Colyell

Bayou Copasaw

Bayou de 1'Ouest

Bayou Grand Sale'

Pt Bayou Ne Touche Pas
E:- Bayou Penchant

Ay Bayou Pointe-aux-Chenes
Big Carencro Bayou

Big Misale Bayou
Crooked Bayou

Dog Lake Bayou

Falgout Canal

Four Island Bayou

Four Point Bayou

Grand Pass des Ilettes
Hackberry Bayou

Little Misale Bayou
Locust Bayou

Mound Bayou

Oyster Bayou (lat. 29°09' long. 90°43')
Pass de Ilse

Pass de Ilettes

Post Bayou

Quitman Bayou

Taylor's Bayou

Trinity Bayou

Turtle Bayou

Victor's Bayou
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Sea tides are the result of gravitational forcing by the moon, sun
and planets. Because the motions of these bodies are well known, their
tide~producing eYfects can be calculated and the resulting tides predicted
with some accuracy. Superimposed upon this predictable behavior are the
effects of meteorological conditions which, for the most part, are random
and, therefore, are not amenable to rigorous prediction. These latter
effects frequently are the most important from a practical point.of view.
An excellent summary of tidal mechanics, with emphasis on details which
are relevant to the behavior of estuarine circulation, is presented by
McDowell and O'Connor (1977).

Changes both in the wind and the barometric pressure may give rise to
perturbation in the normal tidal cycle. This is true not only for the
heights of high and low water but also for the times of occurrence. 1In
shallow estuaries of the northern Gulf the effects of wind on the tide
normally are greater than the direct effects of barometric pressure
(Marmer 1954). Moreover, Kjerfve (1972) found wind effects to be more
important than tidal effects in controlling the surface dynamics of small
marsh lakes and their interconnecting channels.

Tides in the Gulf of Mexico are principally diurnal, i.e. one-high
and one-low water each day; the range of the tide everywhere is modest.
The daily cycle is shown clearly in tide records from Pensacola, FL
(Fig. IV-8) and Caminada Bay, LA (Fig. IV-9). Tides entering Barataria
Bay, immediately to the east of Terrebonne Parish, have an annual range of
about one foot but may be as much as three feet (Byrne et al. 1976). At
Caminada Bay during a three-week period in July 1972, tidal ranges varied
from a maximum of about 1.5 feet to a minimum of about 0.3 feet
(Fig. IV-9). Tidal conditions in Terrebonne-Timbalier Bays should be
similar to those experienced in Barataria Bay.

Storm surges associated with hurricanes or other major tropical
storms are capable of locally elevating coastal water levels to more than
+11 feet NVGD. Winds blowing from the continent to the Gulf or from west
to east can produce a coastal sea level depression; records indicate
levels of less than -1 foot NVGD. The change in mean elevation shown in
the Caminada Bay record is a clear indication of meteorological forcing.
Tidal effects, i.e., diurnal water level fluctuations, are seen as far
inland as the Gulf Intracoastal Waterway at Houma.

Water level is defined as the mean elevation of the water surface
when surface gravity wave effects have been averaged out. To provide
meaningful data, elevations of water level (tide) gauges are referenced to
a standard elevation or datum. There are two reference datums in use
along the Gulf Coast of the United States. The most common, mean seal
level (MSL), is defined as the average height of the surface of the sea
for all stages of tide over a 19-year period. In North America, NVGD has
now been supplanted by the National Vertical Geodetic Datum (NVGD) as the
primary reference level., Mean low Gulf (MLG), which is 0.78 feet below
NVGD, is also used along the Gulf of Mexico,

The large fluctuations in water level associated with transient local
weather are of relatively short period, on the order of a few hours to a
few days. There is another more subtle change in water level which occurs
on a seasonal basis, The seasonality 1is primarily a consequence of the
biannual variability in the curl of the wind stress over the entire
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Gulf of Mexico (Sturges and Blaha 1976). This long-period change thus is
a result primarily of the regional wind field rather than localized wind
patterns. The effect of the regional variability in wind stress curl is
shown clearly in monthly averaged water level data from three stations
along the northern Gulf of Mexico shoreline (Fig. IV-10).

In the seasonal progression shown in Figure IV-11, water level is
lowest during winter, reaches a vernal peak in April-May, goes through a
mid-summer minimum, and attains its highest levels in September-October.
The range of water levels from the winter low to the autumn high is on the
order of 1.0 foot.

In temperate latitudes, the normal annual trend is a monotonic rise
of water level from spring to autumn, the highest levels coinciding with
. the peak in heat storage of the upper layers of the ocean. The summer
: low, which is characteristic of a great number of coastal tidal stations
from the Gulf of Mexico (Sturges and Blaha 1976), thus is unusual. The
anomalous summer behavior of Gulf of Mexico water levels were discussed by
Whitaker (1971). The relatively rapid rise from the summer low to the
autumn peak apparently is due to an increase in surface wind stress in
September coupled with the expansion of the water column which accompanies
the increase of stored heat (Surges and Blaha 1976).

Some effects of seasonal climatic variations on estuary water levels
are clearly shown in Figure IV-12 where seven mean water level values are
plotted for Bayou Petit Caillou at Cocodrie, Bayou Lafourche at Leeville
and the GIWW at Houma. As might be expected, water level at Houma is
always higher than the levels at either Leeville or Cocodrie which gives a
slope of the correct sense and a seaward driven hydraulic gradient flow in
all months.

The effect of high Gulf water levels in April and September are
reflected in the water levels at Houma and Cocodrie; at Leeville only the
September peak is prominent. From March through September, Cocodrie is
higher than Leeville. This period corresponds to the time when winds over
the area are generally southeasterly. Under the influence of such winds,
water would tend to accumulate and pile up along the western boundaries of
the estuarine zone. Winds alone thus could account for the trend of the
observed water slope which is upward toward Cocodrie. The maximum
difference in water elevation occurs in April-May coinciding with peak
runoff; therefore, basin precipitation plays an important role in
determining the magnitude of the water slope and in turn the intensity of
pressure gradient associated flow.

The importance of precipitation to vernal water levels is also
indicated in Figure IV-12 where mean monthly levels for 1973 (a high water
year) and for 1977 ( a low water year) are plotted for the three
aforementioned stations. At all stations spring water levels in 1973 were
higher than in 1977. 1In the fall, however, there was little or no
apparent difference in levels between the two years.

In September, Cocodrie and Leeville water levels approach each other
(Fig. 1V-12). 1t is at this time of year that the nearshore Gulf
circulation becomes less a function of oceanic effects and more of
continental weather patterns. During the September transition period the
cross-basin water slope vanishes.
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The similarity of the Houma and Cocodrie curves to water level hydro-
graphs at other Gulf coastal locations (Fig. IV-10) suggests that both
stations are strongly influenced by conditions in the Gulf. It is
interesting to note that Houma appears to exhibit more Gulf influence than
does Leeville, which is more than 20 miles nearer the coast, The
correlation of coastal water levels and those at Houma in the GIWW appear
to be an effect of the Houma Navigation Canal. Salinity variations, to be
discussed subsequently, permit the same interpretation.

The second variable in the estuarine hydrology problem is the input
of fresh water by direct precipitation and by the flow of rivers and
streams. The equilibrium of an estuary, i.e. the tendency to remain
unchanged with time, will prevail only if a balance is struck between the
quantities of water, solids and soluble salts. This balance represents
the familiar principle of conservation of mass that is so important to
estuarine behavior.

In an estuarine system that is in equilibrium, rate of fresh water
outflow, averaged over a few weeks, must equal the rate of inflow averaged
over the same time period. In shallow, bar-built estuaries, direct rain-
fall, evaporation and soil infiltration may be as important to the water
balance of the area during much of the year as river and stream flow. The
addition of fresh water to the coastal zone either as rainfall or river
flow tends to lower the salinity and thus the density of coastal waters.
During high spring stages of the Mississippi River, salinities may not
approach typical Gulf of Mexico values for as far as 20-30 miles offshore
from the river mouth (Nowlin 1972, Fig. I-18). The net addition of fresh
water and the effect of this water on reducing densities both tend to
increase coastal water level. Evaporation removes water directly and by
increasing salinity, increases density. Thus both evaporation and soil
infiltration tend to lower coastal water levels.

Salinity is one of the most important parameters for characterizing
wetland habitats because the quantity of salts present in the water has a
controlling influence on the flora and fauna of an area. Although
salinity is not totally conservative in the coastal zone, it is
sufficiently so to be of value in estimating water replacement times and
for inferring circulation patterns. Both processes have hydrological
implications.

Salinity is defined as the weight in grams of the dissolved inorganic
matter in 1 kg of seawater after all bromide and iodide have been replaced
by the equivalent amount of chloride and all carbonate converted to oxide
(Carritt and Carpenter 1959). The units of this quantity are, of course,
dimensionless and are given as parts per thousand (PPT or o/oo). In
practice either chlorinity or conductivity is measured and converted to
salinity with appropriate mathematic relationships or tables. Ionic
composition as well as temperature influence conductivity; thus the
conductivity-salinity relationship, which was determined for seawater,
must be used with caution in estuarine areas.

The salinity regimes of the coastal wetlands of Terrebonne Parish are
strongly influenced by both Mississippi and Atchafalaya River discharges
during parts of the year. During periods of low flow, high salinity Gulf
water lies close inshore and intrudes into the estuaries (Fig. IV-13).
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When flow in the Mississippi River is great, coastal salinities may be
depressed by as much as 15 ppt (Fig. IV-14), Variations of this magni-
tude are seasonally periodic; the intensity is, of course, a function of
river flow. Salinities in the upper portions of the estuaries may be
strongly influenced by local precipitation.

Coastal salinities are also influenced by water levels in the.Gulf of
Mexico. It has been shown that water levels fluctuate seasonally. The
coastal hydrograph (Fig. IV-10) is bimodal with two highs; one is in April
and another, the highest, is in September. For a given runoff value,
higher coastal water levels permit the higher salinity waters of the Gulf
to penetrate farther inland than when water levels are low. During the
April high water level period, Mississippi River discharge frequently
attains its annual maximum and thus opposes inland movement of saline
water. In the fall when Gulf water levels are highest, river and overland

runoff is relatively low and salinity n the coastal wetlands generally
increases.

Salinity encroachment is primarily caused by two factors: (1) land
subsidence (discussed elsewhere) and (2) canal/channel construction within
the wetlands. Encroachment as used here implies permanent and essentially
irreversible change as opposed to salinity variations which may result

from short term perturbations in the local, meteorologic and oceanographic
climates.

In Figure IV-15 are shown time-series of mean salinity (chlorinity)
for Bayou Grand Caillou at Dulac, Bayou Terrebonne at Bourg, Houma
Navigation Canal at Crozier and the GIWW at Houma. The most obvious
feature of all the curves is the salinity maximum in August. Although
Crozier is more than ten miles farther from the coast than Dulac,
salinity values at the two locations are similar. On the other hand,
Bourg and Crozier are at comparable distances inland yet mean salinity
values at the latter location are about three times greater than at the
former. In November, salinity in the GIWW at Houma is higher than at
Dulac, 15 miles closer to the coast. Moreover the high at Houma coincides
with a high on the Houma Navigation Canal at Crozier; a similar relation-
ship is present in the August values. These observations are consistent
with the view that the Houma Navigation Canal is a primary route for
saltwater moving landward and thus exacerbates intrusion of saltwater into
the marshlands near the head of the estuarine zone.

The estuarine system is closed finally by specifying the conditions
at the boundaries. Vertical boundaries where uplands and wetlands meet
have a controlling influence on water movements and circulation patterns
and has been indicated earlier on water levels and water surface slopes.
The bottom, horizontal boundary, however, is of equal or greater
importance for it is along the bottom where friction dissipates most of
the energy of the flow. A rough bottom dissipates greater quantities of
energy than a smooth bottom for a given flow velocity. In this regard the
vegetated marshes are extremely important tidal energy sinks.

The non-wetland habitats, i.e., levee hardwood forest, wet bottomland
hardwood forest and agricultural and residential, affect local hydrology
because of their runoff or infiltration characteristics or potential.
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4,1.1.5,5 Water Budget. Hydrologically the Terrebonne Basin can be
generally divided into two parts. The upper section consists of the Lake
Verret/Palourde sub-basin which encompasses approximately 1,330 square
miles. The lower sub-basin (approximately 2,000 sq. mi.) is composed
primarily of Terrebonne Parish and is roughly separated from the upper
sub-basin at the Assumption Parish line.

The primary hydrological interconnections between the two sub-basins
are Bayou L'Ouse, Bayou Black and the GIWW. The sub-basins are also
connected by vast wetlands and small bayous. which permit interconnection
between the two sub-basins.

The purpose of the water budget approach is to analyze the long-term
hydroclimatology of the Terrebonne Basin with particular emphasis upon
identifying the hydrologic hazards which impact Terrebonne Parish and the
proposed forced drainage units. A water balance model was employed to
generate flows within the basin and its various sub-units. Water level
data from Terrebonne Basin and tidal data from the coast were also
analyzed and combined with flow data to identify various combined
hydrological effects.

From the analysis it was determined that three separate but often
combined hydrological inputs create potential hydrological hazards for
Terrebonne Parish. Locally generated runoff within Terrebonne Basin
frequently combines with high Gulf tides or back water flooding effects
from the Atchafalaya Basin to produce flooding problems. 1In addition,
because of subsidence and rising Atchafalaya River levels these
hydrological hazards will likely increase in severity through time.

In order to calculate local runoff due to rainfall within Terrebonne
Basin and its various sub-basin units, it is necessary to determine rain-
fall and temperature distribution in the basin. Six climatological
stations are located within or around the fringes of the basin (Fig.
IV-16). No climatological stations (except for Grand Isle) are currently
in operation south of Houma.

The climatological data base for this analysis consists of 360
observations of monthly temperature and precipitation from each of the six
stations during the period 1951-1980. The influence of each climatic
station upon the basin as a whole was determined by constructing Thiesen
polygons covering the basin (Fig. IV-16). Table IV-8 lists the area of
each polygon and summarizes the average monthly temperature and rainfall
regime for each station. Water balance components were computed for each
Thiesen polygon as part of the analysis (Appendix B, all appendices were
published only in the Draft EIS and may be secured from the New Orleans
District).

Evaporation pan data measured at Baton Rouge and Houma were also used
in the analysis in order to regionally adjust computation of the water
budget program. The average monthly evaporation rate for each station is
summarized in Tuble IV-9. The higher evaporation rates at Baton Rouge are
due to its slightly drier, more interior locationm.

Water level and tide data (Fig. IV-17) from various locations
throughout and adjacent to the basin were examined in order to identify
periods during which back water flooding or rainfall surplus may have had
an impact upon these levels. Table IV-10 summarizes monthly water levels
for each station. Because of datum error and differential subsidence,
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4 . . .
N absolute comparison of water levels between stations is not always
g reliable. No routine discharge measurements are made within the

- Terrebonne Basin.

. Rainfall surplus and resulting flows generated within Terrebonne
] Basin were calculated within 12 identified sub-basin units (Fig. IV-17).
The units are generally separated from each other by natural or man-made
flow impediments such as artificial or natural levees. The division
between units B, C, and D is somewhat arbitrary because of the previously
mentioned interconnection of flow. The boundary between B and C follows
polygon boundaries (Fig. IV-16). The southern boundaries of units H-L
were identified in an earlier investigation (Gagliano et al, 1973).
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The basic analytical technique used to generate rainfall surplus and
flow within Terrebonne Basin was the Thornthwaite and Mather (1955) water
budget methodology. The hydroclimatology of coastal Louisiana has been
previously studied using this technique by several investigators (Gagliano
et al. 1970; Light et al. 1973; Muller 1975).

In the water budget, energy availability and moisture are considered
to be dominant climatic factors. Potential evapotranspiration (PE) is
calculated mainly on the basis of monthly temperature and adjusted by a
radiation or heat index related to latitude (Thornthwaite 1958).

Potential evapotranspiration (PE) is considered to be equivalent to
evaporation from an open water surface or from a well vegetated, saturated
soil surface. The PE was adjusted by developing coefficients derived from
evaporation pan data measured at Houma and Baton Rouge as the Thornthwaite
Mather method generally under-predicts PE in winter and over-predicts PE
in the summer when compared to regionally adjusted pan data (Fig. IV-18).

The above modifications were used to calculate various water budget
components including runoff for each of the six climate stations in
Terrebonne Basin. Runoff for each sub-basin was computed by statistically
smoothing and logging basin surplus from month to month. The final modi-
fication to the program involved conversion to volume units and summation
of flow for various sub-basin units.

A modified 30-year (1951-1980) monthly water budget was calculated
for each of the six climate stations in the basin. Monthly water balance
components for Houma are summarized in Appendix B. Water balance
components for the othei stations are contained in Appendix B.

In the wetland portions of Terrebonne Parish, positive values of
precipitation (P) minus potential evapotranspiration (PE) (Appendix B)
best represent rainfall surplus. 1In the upland portion of the parish,
soil moisture storage (Appendix B) must be recharged prior to generation
of moisture surplus. Six inches of moisture storage capacity is
considered normal for the soils of this region. Moisture deficits
(Appendix B) are calculated when precipitation and soil moisture storage
does not meet moisture demand (PE). Moisture surplus (Appendix B) is
calculated when precipitation is in excess of moisture demand (PE) and of
the amount needed for soil moisture recharge.
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The climatology of the lower basin is represented by Morgan City,
Thibodaux, and Houma. Precipitation maximums at these stations occur in
July and September. Coastal convectional processes combined with Gulf
tropical disturbances are responsible for the rainfall maximums in the
late summer and early fall. The activity abruptly ends in October.
Frontal movements are largely responsible for rainfall from late fall
through spring. Convectional precipitation again dominates beginmning in
May.

The variability of the climate in the lower basin may be observed by
closely examining the water balance components tables. Several periods
can be identified when three-month rainfall totals exceeded 30-35 inches.

Extended wet and dry periods occurred throughout the 30-year record.
The early 1950's were generally dry, followed by a slightly wet to normal
period until the mid 1960's. A dry period ensued until 1973, and was
followed by wet conditions through 1980,

The severity of droughts and prolonged wet periods is summarized by
moisture deficit (D) and surplus (S) tables. The most severe deficit
occurred in 1962 and the greatest surplus was recorded in 1966. Because
of Houma's coastal location, prolonged periods of drought are not as
severe in terms of intensity and duration as is the case in more interior
locations.

The hydroclimatology of the lower Terrebonne Basin is summarized by
the average monthly patterns of precipitation (moisture income) pan
adjusted PE (moisture outgo) (Fig. IV-19). Two noteworthy periods of
significant rainfall excess or surplus can be observed, one in winter and
another in late summer and early fall. Rainfall excesses or surpluses
occur on average in all months except October, when dramatically reduced
rainfall is insufficient to meet demand. Soil moisture storage is usually
adequate to supplement rainfall during drier periods.

In contrast to the lower basin, the climate of the upper basin is
characterized by lower but better distributed rainfall totals (Table
IV-8). Baton Rouge, for example, experiences two rainfall maximums, one
in April and one in July. Winter-spring precipitation totals in the upper
basin exceed those in the lower basin. The relative magnitudes are
reversed during the summer-fall period. The upper basin is more impacted
by winter-spring frontal precipitation, while the lower basin is more
affected by summer-fall convectional and tropical rainfall processes.

The climate of the upper basin is also more variable than that of the
lower basin. Baton Rouge, for example, exhibits a greater variability in
annual precipitation totals than do other more southerly stations, as well
as more severe drought periods. The moderating effects of a more coactal
location as opposed to a more continental interior location largely
explain the difference.

The hydroclimatology of upper Terrebonne Basin is summarized by the
average monthly patterns of precipitation (income) and pan adjusted PE
(outgo) (Fig. IV-20). Unlike the lower basin, upper basin surpluses
occur primarily during the winter-spring period. The July rainfall peak
and resulting surplus is caused bv convectional rainfall processes, which
are prominent throughout all of southern Louisiana in mid-summer.
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The upper Terrebonne Basin experiences significant periods of
moisture deficit in the sumicr-fall period, whereas the lower basin does
not.

Monthly runoff totals generated within the six Thiesen polygons are
summarized in Appendix B. The complete monthly runoff totals are
contained in Appendix B. The contrast between runoff generated in the
upper and lower basins is illustrated in Appendix B. Because of
differences in rainfall characteristics between the two areas, the upper
basin experiences only one runoff peak in Feb:uarv. A second runoff peak
occurs in September in the lower basin because of the precipitation
maximum, which occurs in late summer and early fall. When runoff from the
two areas are combined (Appendix B), the peak runoff occurs in February,
with a secondary peak in September.

Y
AR T

Monthly runoff total generated within the 12 basin sub-units are
e summarized in Appendix B. The runoff characteristics of the sub-basin
m units closely correspond to the patterns previously described for the
e upper and lower basins.

S Since the sub-basin units surrounding Houma are generally wetlands

- throughout most of the year, an alternate technique for determining
moisture surplus was employed. The positive values of P-PE were converted
to flows (CFS) in order to better represent surplus in a wetland environ-
ment Appendix B. P-PE represents rainfall excess without considering a
soil moisture recharge factor. Since it was assumed that soils were
either flooded or saturated throughout most of the year, it follows that
P-PE would yield a better approximation of basin surplus.

Because portions of these wetland basins sometime dry up during the
late fall and winter when water levels are low, both techniques should be
employed for computing basin surplus and runoff. When soils are
alternately wet and dry, conventional water budget runoff calculations
should be used. If soils are constantly saturated or flooded, positive
P-PE is a better estimator.

Monthly summaries of P-PE and runoff for the Houma Thieson polygon
are contained in Appendix B. Note particularly the large volumes of
locally generated runoff, produced over several-month period in 1959,
1966, 1973 and 1975.

Water levels in the Terrebonne Basin are affected by basin-generated
runoff, Gulf tidal influence, and backwater effects from the Atchafalaya
River. Because of the complexity of the impacts of these processes on
water levels, it is difficult to identify with certainty the singular
impact of basin-generated runoff upon water levels in the basin.

Figure IV-17 identifies the locations of water level stations
throughout the basin. Table IV-10 summarizes average monthly water levels
for these stations. Monthly water levels (1970-1980) including
variability statistics can be found in Appendix B.
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The relationship between basin runoff and water levels in the upper
basin is reflected in Figure IV-21, The winter runoff peak closely
corresponds to low-water levels in the basin. This is caused primarily by
the influence of Gulf Coast tide levels (Cocodrie), which reach their
lowest annual water surface elevations in January and February. This
factor dramatically reduces inflows from the upper basin to the lower
basin from December through March. During this period, much of .the upper
basin runoff exits the systems via Bayou Chene, Bayou Penchant, and the
Avoca Island Cutoff. This is particularly significant since the highest
upper basin monthly runoff totals are produced during these months.

Beginning in March and continuing through June, rising Gulf tides and
backwater effects of the Atchafalaya River begin to intensify the impacts
of upper basin runoff upon the lower basin. Since water levels are higher
in the Atchafalaya River during this period, the relief outlets for the
upper basin are eliminated. Atchafalaya back water flows, especially
during flood periods, combine with upper basin runoff to impact Terrebonne
Parish via Bayou Black and the GIWW. Water levels at Houma, for example,
averaged 1.5 feet above normal in April of 1973 because of these impacts.

Atchafalaya water levels remain higher than surrounding coastal
environments until August, when water levels along the coast become
strongly influenced by the highest Gulf tidal elevations of the year.

This effect reaches an annual peak in September. Water levels begin to
fall significantly in November because of the lowering of Gulf tides in
response to the influence of frontal passages and the associated northerly
off-shore wind component.

As a result of this complex set of processes, upper basin impacts
upon the lower basin are somewhat minimized when considered over an annual
basis. Impacts can, however, be pronounced when heavy upper basin
rainfall combines with Atchafalaya back water effects and high Gulf tides.
This phenomenon usually occurs at least once a year in the spring with the
passage of a gulf extra tropical cyclone south of Houma. Gulf tides are
frequently one to three feet above normal during these events. Water
levels at Houma, for example, rose to near four feet in April 1980 in
response to the passage of one of these weather systems.

Because of the primary influence of Gulf tides on water levels in the
vicinity of Houma, locally generated runoff has little effect on average
monthly water levels. An examination of water level data for Houma (GIWW)
did reveal some periods that indicated a combined impact of basin runoff,
Atchafalaya back water, and tidal effects. March and April of 1973 and
May through June of 1975 are examples. One of the highest three-month
totals of rainfall (over 35 inches) was recorded at Houma during 1975.

The previously mentioned storm of April 1980, with associated high tides,
also produced heavy rains that contributed to the water level rise at
Houma. These impacts generally do not raise water levels more than one
foot above normal over a 30-day period, although short-term events,
lasting one or two days, can be more severe, with impacts of one to three
feet.

Figure IV-22 summarizes average monthly water levels in the vicinity
of Houma. The long-term effects of Gulf tides on water levels is
particularly evident. The high water levels experienced in the spring and
fall are generally the result of the Gulf tidal influence and the
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lowering of water levels in winter. Basin runoff and back water flooding
impacts are superimposed, on a short-term basis, upon the tidal regime.
Water levels in Bayou Black are higher in all months except
August-October.

4.1.1.5.6 Hydrologic Hazard Index. Because of the near sea level
elevations of the sub-basin units surrounding Houma, the flood protection
for these areas must take into account the three previously mentioned
processes that impact water levels in the region. The Gulf tidal
influence is of greatest importance in the overall design of levee heights
because of extreme tidal elevations associated with hurricanes and
tropical storms. Upper basin runoff combined with Atchafalaya back water
flows will likely constitute a hazard because of the gradual rise of water
levels in the Atchafalaya River associated with channel extension and
delta building. Locally generated runoff will increase in severity as
urban areas expand in the sub-basin units, creating additional runoff and
restrictions to drainage.

These processes, which are likely to increase in severity of impact
through time, are exacerbated by the subsidence problem. This process
will effectively reduce land surface elevations in urbanized environments
from one inch to three feet over the next 100 years.

Annual hydrological hazards at Houma are summarized in Fig. IV-23,
Average water levels at Houma were ranked 1-12 from the lowest to highest
average monthly water levels. Locally generated surplus was similarly
ranked on a monthly basis (1-12). The resulting scores were combined to
reveal the severity of the potential monthly hazard at Houma. Water
levels represent external influences upon protected drainage units in
terms of levee heights and ability to drain the area. Locally generated
surplus represents internal impacts within the protection units which must
be drained against water levels in the surrounding wetlands. The combined
monthly score reveals hydrological hazard peaks in April and September.

The spring hazard peak results from the combined effects of Gulf
tides, back water flooding, upper basin runoff, and locally generated
surplus, Because of the relatively high frequency and potential increase
in severity of these impacts through time, the spring period may
ultimately prove to be the greatest annual hazard. Had the Gulf storm of
April 1980 been associated with Atchafalaya back water flooding and
extreme upper basin runoff, the resulting water level rise could have been
much greater.

The processes creating the fall hazard peak are less complex, less
frequent, and not likely to be as significantly increased through time.
The high Gulf water levels experienced in the fall are generally less
variable than those experienced in the spring. The greatest danger in the
fall is associated with low frequency, but often severe, tropical storms
and hurricanes.

Rainfall associated with the fall hazard peak is generally not
aggravated by upper basin runoff and Atchafalaya back water effects.
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The greatest potential for extreme local runoff results from degrading
tropical storms, which sometime stall over the coastline, resulting in
unprecedented rainfall totals. The North American rainfall record was
established at Alvin, Texas (43 inches in 24 hours) in 1978 as a result of
a degrading tropical storm.

4.1,1.5.7 Potential Effects of Forced Drainage Projects. Presently
there are insufficient data available to draw irrefutable conclusions
regarding possible impacts. There is, however, enough information
available to indicate in a gross manner whether.the building of a levee or
the associated canal dredging, for example, may or may not be harmful to a
particular habitat.

The habitat maps (Appendix A) provide a visual picture of the spatial
relationships among the various habitat types and possible impacts by the
drainage projects.

In general, levee construction along upland-wetland contacts should
have minimal adverse impact on the existing hydrological regime. The
raising and extension of levee systems will make more surface area
available for development. If locally generated water surpluses now
create either flooding or reservoir siltation problems, an increase in the
developed habitat will certainly exacerbate the problems. Also the
construction of new levees or the redirection of existing ones can lead to
changes in circulation patterns. Of the 26 proposed projects and five
unauthorized projects, 23 may be classified, at least in part, as upland-
wetland contact projects.

Conversion of wetlands to other uses brings about two major hydro-
logical changes. First, the total area of existing wetland is reduced by
the area of the project. This reduction in area reduces the area
potentially available for water storage; subsequent development may result
in increased runoff. Second, dredging of fill material for levee
construction often results in channelization of the marsh surface or
improved flow conditions in existing waterways. Both actions can promote
salinity intrusion.

The third type of project proposed or completed entails the construc~-
tion and operation of water control structures between natural upland
boundaries. When these structures are used to isolate wetland habitats
the wetlands will have to be intensively managed or else they may be
irretrievably lost. Of perhaps greater importance are the changes which
this form of damming has on the overall drainage pattern of the area. It
is suggested that these effects be considered during Phase II planning.

4.1.1.6 Water Quality. Water quality data for three major bayous
and the Houma Navigation Canal are presented in Table IV-11. Also,
results of water and sediment analyses from samples taken throughout the
project area (Fig. IV-24) are presented in Appendix C (all appendices were
published only in the Draft EIS and may be secured from the New Orleans
District). As can be seen from this data, contraventions of the state'
water quality standards and exceedence of EPA's water quality criteria
occur frequently. The Louisiana Department of Natural Resources (1980)
reported nrmerous co-traventions of dissolved oxygen, chlorides, sulfates,
temperatu , ph, a~ fecal coliforms in and near Bayou Black from 1973 to
1978. Sli_, .. v f er violations were reported for the drainage basin
segment con. -.ning Bayovs Grand Caillou and Terrebonne and the Houma

Navigation Canal. Despite these apparent problems, the entire Terrebonne
Basin with the ezception of the estuarine areas south of Lake Boudreaux is
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designated as effluent limited by the Louisiana Department of Natural
Resources (1980). This classification means that the water quality within
a given segment or basin generally meets the water quality standards and
is expected to continue to do so or is expected to do so after application
of the effluent limitations required by Sections 301(b) (1) (A) and 301(b)
(1) (B) of the Federal Water Pollution Control Act as amended in 1972. The
estuarine area south of Lake Boudreaux, which encompasses a portion of
Bayous Grand Caillou and Petit Caillou, is considered to be water quality
limited, which means that the waters within the basin are not expected to
meet the quality standards even after limitations are placed on effluents.

Very little data exists for some of the other minor stream segments.
Extensive sampling was performed throughout the basin in 1977 for a wide
array of parameters including heavy metals, phenols, and pesticides;
however, reporting this limited amount of data (i.e., inadequate number of
samples per paramete~ per station) would only be misleading, especially
since the data is presently four years old. It should be ncted, however,
that pesticide concentrations ranging from 0.005 to 2.2 micrograms per
liter (ug/l) were reported at several stations and were in the greatest
concentrations in the southern portions of the basin. The herbicides,
2-4D and 2-45T, were the most prevalent pesticides as was the insecticide
DDT and its derivatives (i.e., DDD and DDE).

The major water quality problems throughout the basin are low
dissolved oxygen (DO) and high coliform levels. Most of these violations
or problems can be attributed to inadequate municipal wastewater treatment
systems, particularly those in Houma and Morgan City. Excessive
concentrations of fecal coliforms and other bacteria create an increase in
the biological oxygen demand and thus aggravate the already low DO
problems. Upgrading of the treatment facilities in many municipalities is
planned to begin within the next few years or is presently ongoing.
However, increasing populations in these major cities pose additional
problems.

Other probable sources which have been cited include the numerous
seafood processing plants which have no or inadequate treatment
facilities., Many such facilities are concentrated in the southern
portions of the basin, near Bayous Grand Caillou and Petit Caillou, which
could be a major contributor to this area's classification as water
quality limited, as discussed previously. Marine traffic, docking
facilities, and activities associated with commercial fishing are also
potential sources of coliforms. Oils, greases and other contaminants also
contribute to the pollutant problem. Other industrial facilities
apparently are adequately treating their effluents and are expected to
further decrease their loadings by the year 2000. Excessive bacteria
levels are a major reason for closing waterbodies to shellfish harvesting.
Extensive areas in the southern portion of the basin have been closed
since 1973 for this reason. Geldrich (1969) showed a correlation between
fecal coliform and the presence of the pathogen Salmonella in nonsaline
waters. At concentrations ranging from 201 to 2,000 fecal coliform
colonies per 100 milliliters, Salmonella is expected to occur
approximately 85 percent of the time; and at concentrations greater than
2,000 colonies per 100 milliliters, the percentage of occurrence of
Salmonella would be approximately 95, As shown on Table IV-26 fecal
coliform levels frequently exceed 2,000 throughout the basin. These
pathogens, as well as other toxic substances such as mercury, lead, and
DDT, are readily accumulated in certain tissues of fish and shellfish.

Additionally, the heavy metals and chlorinated hydrocarbons can be
biomagnified through the food web.
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Saltwater intrusion is another major factor in the degradation of the
area's water quality. Excessive concentrations of chlorides and total
dissolved solids, as well as reduced oxygen levels, have been attributed
to this phenomenon. Increased suspended solids can have detrimental
effects upon the aquatic ecosystem by allowing toxic substances such as
lead and chlorinated hydrocarbons to remain in suspension throughout the
water column for longer duration. Pelagic species such as shrimp and
menhaden can avoid these problem areas; however, sessile organisms, such
as oysters, may be killed if the condition remains for an extended period
of time. Additionally, suspended particles create potential problems by
clogging the gills of filter feeders, reducing vision of predator species,
affecting the buoyancy of eggs, decreasing light penetration and
consequently photosynthesis, clogging gills of fish, and possibly
smothering benthic organisms.

4,1.1.7 Air Quality. The Department of Natural Resources, Office of
Environmental Affairs, Air Quality Division performs continuous and
non-continuous air quality monitoring (Figure IV-25 and Table IV-12).
Continuous ambient air quality data are gathered for ozone and
non-continuous data are gathered for total suspended particulates and
nitrogen dioxide.

Ozone, a specific type of oxidant, is a colorless gas produced when
reactive organic substances and nitrogen oxides accumulate in the
atmosphere and are exposed to the ultraviolet component of sunlight.
Ozone can also be formed naturally in the atmosphere by lightning and in
the upper atmosphere by solar radiation. In common terms, ozone is
pungent, colorless, toxic gas that contributes to photochemical smog.

For the year 1980, Louisiana had a total of five ozone monitoring
sites as follows:

. Baton Rouge
. Carville

. Garyville

. Lake Charles
. New Orleans

VW N -

Various types of ozone data from the above five monitoring sites are
presented in Tables 1 through 8 in Appendix D (all appendices were
published only in the Draft EIS and may be secured from the New Orleans
District). Also, Table 9 in Appendix D contains ambient air quality
standards for continuous data.

Total suspended particulate (TSP) consists of infinely divided
particulates that remain in the air for extended periods.

Total suspended particulate (TSP) data are presented in Tables 10
through 14 in Appendix D.

Nitrogen dioxide is a gas resulting from the operation of the
internal combustion engine, fuel combustion and other sources. It is
important as an air pollutant because of its role in "“smog' formation. It
is a reddish-orange-brown gas with a characteristic pungent odor. It is
primarily produced in air-fed combustion processes where temperatures
exceed 2000°F,

Nitrogen dioxide data are presented in Tables 15 through 16 in

Appendix D. Table 17 in Appendix D contains ambient air quality standards
for non-continuous data.
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TABLE IV-12, Continuous and Non-Continuous Air Monitoring Stations

TOTAL # OF SITES # OF SPECIAL
# OF SITES REPORTED AIR MONITORING
TO NADB SITES
CONTINUOUS MONITOR
Ozone 5 5 -
NON-CONTINUOUS MONITOR
Total Suspended Particulate 38 34 4
Nitrogen Dioxide 19 15 4
Total number of active sites: 42
Total number of sites reported to NADB: 35
Total number of special air monitoring sites: 7
IV~-68
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There are no air quality monitoring stations within Terrebonne
Parish, resulting in a lack of site specific data. The data included in
Appendix D and especially from those stations nearest the project area
cannot be considered typical for Terrebonne Parish. These stations are
located in or adjacent to highly industrialized areas, resulting in
increased pollutant emissions,

Terrebonne Parish's existing air quality can be considered good and
it is not anticipated that the proposed forced drainage program will
adversely impact future air quality below present standards.

4.1.2 Biological

4,1,2.1 Flora. Vegetation characteristics are by component of the
habitats. Indeed, habitats are delineated based on differences in
spectral response that vegetation heterogeneity provides. Thus habitats
are largely synonymous with vegetational communities. Species lists by
habitat type and their importance as wildlife food are provided in
Appendix E (all appendices were published only in the Draft EIS and may be
secured from the New Orleans District). The functional importance of
various species of flora are discussed in sections referenced in Section
4,1.2.3,

4,1.2.2 Fauna. Fauna assemblages associated with the major habitats
as well as a listing of endangered species are included in Appendix F.
Functional relationships among fauna are discussed in sections referenced
in Section 4.1.2.3.

4.,1.2,3 Ecology. Detailed ecological discussions are included for
each specific habitat (Sections 4.2,2.3, 4.3.2.3, 4.4.2.3, 4.5.2.3,
4.6.2.3, 4.7.2.3, 4.8.2.3 and 4.9.2.3). Although mosquito populations are
naturally high, they are not of such a dimension as to require public
control programs.

4,1.2,4 Areas of Special Concern. A large percentage of the area
Terrebonne Parish encompasses is comprised of highly productive habitats.
Wetlands occupy most of the area of the parish and they are being lost to
open water environments at a high rate as is most of coastal Louisiana
(see Section 4.1.1.3). The conservation of wetlands is not only important
biologically, but it also threatens the very existence of the parish.

Within the total wetland area several type-areas can be tentatively
identified as areas of special concern due to one or more of the following
criteria:

1. Scarcity of the habitat
2. Functional importance
3. Value to economically important species

The barrier islands of Terrebonne Parish (see Section 4.1.1.3) serve
as a control gate for salt water intrusion, absorb storm-wave energv, and
provide nesting habitat for shore and sea birds, and have historically
provided nesting habitat for sea turtles.

Flotant marshes are freshwater marshes which are dominated by Panicum
hemitomon in the climax stage. Northwestern Terrebonne Parish contains

the largest contiguous area of flotant marsh in the state. This area

typically produces high fur and alligator harvests. Flotant is
1V-69
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particularlv susceptible to saltwater intrusion, as there are no salt
tolerant species that will survive as flotant. The transformation from
marsh to open water is therefore verv rapid.

Dry bottomland hardwood forests have virtually disappeared from the
area since they occupied the higher natural levees and were therefore the
first habitat to be directly impacted by man. Wet bottomland hardwood
forests have also been depleted to a large extent. Their present dis-
tribution is largely confined to transition zones bordered by cypress-
tupelogum swamps or marshes at a lower elevation, and by agricultural
fields or urban areas at a higher elevation.

Relatively large expanses of second growth cypress-tupelo swamps
exist in the northern part of the parish, extending across the political
boundary. The size of these areas combined with non-logged (usually storm
damaged) virgin cyvpress provides important habitat for bald eagles,
especially along the marsh-swamp interface.

Remaining unsettled natural levees are few and provide important
habitat for white-tailed deer and are frequently used as resting places
for migratory birds after their long flight across the Gulf of Mexico.

The more saline areas of southern Terrebonne Parish support important
oyster grounds and serve as shrimp nurseries.

The marshes of western Terrebonne Parish are presently somewhat
unique from the rest of the state, as thev are undergoing processes of
restoration due to sediment and freshwater inputs from the Atchafalaya
River.

Areas in west central Terrebonne Parish are consistently heavily
utilized by waterfowl.

More specific locations of areas of special concern are listed under
the appropriate section in the habitat discussions (Sections 4.2-4.9).

4,1.3 Social

4.1.3.1 Land Uses. In 1978 Terrebonne Parish consisted of 1,347,126
acres of land and water., Land comprised 51.8 percent and water 48.2
percent (Wicker et al. 1980). About 88 percent of the land is undeveloped
and 12 percent developed. In the developed category over five percent is
in industry, nearly four percent in agriculture, over 0.l percent in
cormercial enterprises, nearly two percent residential, and about 0.2
percent designated as public lands (South Central Planning and Development
Commission and Acadia Planning and Development District, 1974).

Land use patterns and practices have developed through occupation by
diverse peoples ranging from prehistoric Indian times to the present. The
natural levees that penetrated through rich and diverse faunal and floral
communities provided the high ground for settlement. Agriculture
production for the prehistoric horticulturists was likely a part time
activity, accomplished in conjunction with other subsistence pursuits.

European settlers arrived in the earlv 18th centurv and settled along
the bavous in the northern part of the parish. Thev adopted crops such as
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corn and squash from the Indians, and rice, indigo and sugar cane from the
West Indies. Plantation agriculture began to develop in the mid-1700's

. with cotton the major crop followed soon after with sugar cane and indigo
g (see Section 4,1.3.2.5 for additional information on historic settlement
patterns).

3. Acreage devoted to sugar cane continued to expand, and plantations
became a major pattern in the parish. The past several decades have
witnessed a shift from sugar cane production to other enterprises.

) Commercial shrimping became important in the first quarter of the
Il 20th century. Fisheries production activities increased along the bayous
; until the area became dominated by petroleum production and related
activities. Increased petroleum activity resulted in construction of the
Houma Navigation Canal. Houma became a hub for commercial and industrial
development around petroleum-related industries. This has resulted in a
decline of agricultural and commercial fishing pursuits. At the present
time population increase, industrial, commercial development and
transportation corridors are vying for space along the restricted natural
levees.

.
3
»

4,1.3.2 Cultural Features. This investigation covers prehistoric
and historic cultural resources in Terrebonne Parish that mav be impacted
by the forced drainage program. This study is limited to Phase I of a two
phase approach prior to program implementation. Phase I is designed to
provide a comprehensive framework for coordinating future project investi-
gations. The study includes 31 forced drainage projects, five of which
were completed prior to the time that permitting processes were required.
These are referred to as unauthorized projects. Levee alignments for the
proposed projects are located along the wetland/non-wetland interface
where possible.

The goals of this project (Phase I) comprise a literature and
archival search of previous investigations in the area concerning archeo-
logical and ethnological resources. This includes the location of
previously identified or reported sites and a habitat evaluation of those
that are lo. d within or near the project areas. Considerations are
given to cr.c.eria used to identify areas where there is a high probability
of cultural remains. If other cultural remains are found, additional
field investigations would be required. Data gaps are identified, and
recommendations for a research strategy that assists in selection of
individual alignments that serve as a guide for Phase II field
investigations are addressed. No field investigations were included in
Phase I. Since topological and geological aspects of Terrvbonne Parish
receive separate treatment, only those physical and bioclogical elements
that are relevant to site significance and ethnohistory will be discussed.

4.1.3.2.1 Cultural Resources Survey Report. In the archival and
literature search, libraries at Louisiana State University, Nicholls State
University and Tulane Universitv provided much of the material. The
N library of the U.S. Armv Corps of Engineers, New Orleans District, houses
R valuable information in environmental impact study files. Permit request
reports in Louisiana's Department of Culture, Recreation and Tourism,

:!. Division of Archaeology and Historic Preservation, files were studied.

..’ ui\' Their site records and map files contained the location and description of
?{ - both prehistoric and historic known sites. The study was discussed with
o
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personnel in the Division of Archaeology and they made valuable
suggestions on data sources and report procedures. The records of the
National Register of Historic Places were checked for listings. Queries
were made to determine sites nominated and those planned for nomination to
the National Register. Pertinent information on sites and individuals
involved in studies relevant to Terrebonne Parish was provided by the
curator of the Museum of Anthropology in the School of Geoscience, LSU.

4.1.3.2.2 Previous Archeological Research., Nineteenth Century
reporting of archeological sites in coastal Louisiana came primarily from
engineers, botanists, geologists, historians and geographers. Reference
to the presence of Indian mounds was secondary to their primary goals for
being in the area. Foster's (1873) book on prehistoric races of the
United States was an exception.

The first report of archeological sites in Terrebonne Parish was
reported by an anonymous author in 1851. The author mentions that I5 to
20 mounds of various sizes were located along Bayou Black about 40 km from
Houma (Neuman 1977). Peacock and Carrighan (1951) described the mounds
and recovered human skeleton material from part of the group at the Gibson
site (16T-RS).

By the end of the 19th century Indian mounds had been reported across
the Louisiana coast by many authors. As Neuman pointed out (1977) the
early references are an important part of the archeological record that
has been "irrevocably lost". Noteworthy to the antiquity of Indian
occupation in coastal Louisiana was the discovery of the Avery Island site
in Iberia Parish (Owen 1863), Fragments of cane matting was discovered
below a layer containing fossil animal bones including mastodon. The
matting was removed before it could be properly documented, resulting in
much controversy that remained unresolved until the mid-20th century
(Gagliano 1967).

In the early part of the 20th century Collins (1927) from the
Smithsonian Institute initiated professional archeological surveys and
excavations in the coastal area. His surveys extended from east of the
Mississippi River to the chenier plain area in the western part of the
state. He noted many sites in Terrebonne Parish and observed that the
parish contained more sites than other coastal parishes. Collins was
assisted in Terrebonne Parish by Randolph A. Bazet, an amateur
archeologist who subsequently assisted other professionals in the area.
Bazet's efforts contributed significantly to the archeology of Terrebonne
Parish. Collins' systematic study was the beginning of a trend that
- resulted in developing a chronological framework and relationship between
{;- sites in the state. Kniffen (1936) conducted field surveys in St. Bernard
. and Plaquemines parishes and in 1938 contributed similar studies for
Iberville Parish.

There were two research projects that added to this developing
chronology; first was the Lower Mississippi Valley Survey that conducted
research during the 1940's and early 1950's; and second was the Louisiana
State Archaeological Survey that was active between 1938 and 1941.
Contributions of James A, Ford (1936 and 1951), Philip Phillips (1970 and
1951), James B. Griffin (with Phillips 1951), Ford and Quimby (1945), Ford
and Webb (1956), Ford and Willev (1940), Quimby (1942) and Czajowski
(1934) resulted in the chronology presentlv used by students in the . rea.
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In the early 1950's McIntire (1954, 1958 and 1971) conducted a
coastal survey in conjunction with studies on development of the
Mississippi River deltaic and marginal chenier plain. He used the
chronological framework developed during the previous two decades.
Saucier (1963), Gagliano and Saucier (1963), and Gagliano (1963 and 1967)
added to the knowledge of the area and continue to make significant
contributions. Gagliano's study on Avery Island (1967) constitutes a
landmark effort.

The last two decades have witnessed a greater sophistication of
methods toward understanding the total relationship between man and the
coastal habitat at the time in which he lived (Gagliano et al. 1979;
Springer 1973; Altschul 1978) and the complex history of time and space
occupance of a dynamic and changing habitat., For a more detailed
discussion of the development of an archaeological research in the coastal
area, refer to Neuman (1977) and Altschul (1978).

4.1.3.2,3 Cultural Setting. This section covers the sequence of
prehistoric and historic occupation of Terrebonne Parish. The parish
occupation patterns constitute a small section in a much larger geographic
context. The prehistory of the area is linked both up-valley to the
north, and east from Florida. There appears to be minimal influence from
the Texas area. Conversely, there were introductions into Texas from
coastal Louisiana. It is recognized that there is a diversity of
settlement patterns and groups that inhabited the area through time and
space but it is poorly understood. Studies (Springer 1973; Gregory in
Thomas et al. 1977) indicate what would be expected for the area, that
widely different groups developed and persisted under the same conditionms.
The record of settlement in the ccastal area extends over at least the
last 12,000 years (Gagliano 1967). Delta processes are dynamic, and
through the last several thousand years the land-wetland environments have
been one of continual change.

4,1.3.2.4 Prehistoric Resources. The prehistoric chronological
sequence established for the Lower Mississippi River Valley is generally
accepted as a framework for relating index artifacts to adjacent areas.
Prehistoric sites in coastal Louisiana range from temporary hunting and
fishing camps to more permanent villages. The sites which remain as
evidence of former Indian occupation are divided into five types: shell
middens, earth middens, shell mounds, earth mounds, and beach deposits.

Shell middens are by far the most numerous type along the central
Gulf coast. They comprise the refuse heaps of shucked shells and other
kitchen wastes discarded at the dwelling sites. Rangia cuneata (brackish-
water clam) makes up the widest spread and most extensive shell
accumulations. This clam undoubtedly played an important role in the
economy of the inhabitants. Depending on the regional location and the
local environment of the site, oysters (requiring more saline water) or
Unio (freshwater clam) shells dominate the site matrix. Some localities
reveal stratification of shell types and are good indicators of changes in
the local environment.

Earth middens are less numerous but become more important with
increasing distance from the source of crustaceans for food. They are
characterized by dark humus layers caused from decay of organic refuse
which accumulated at lived-on sites. Mixed with the humus are found
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assorted artifacts and fish, animal and bird bones.

Shell and earth mounds are hillocks intentionally formed by their
builders and vary in size of more than 18 feet in height, and 150 feet in
diameter. The mounds were constructed as burial or ceremonial (temple)

monuments,

Mound shapes are usually conical or truncated pyramids. The

earthen mound is more numerous, but there are examples of shell mounds in
the coastal area.

Beach deposits are wave-formed accumulations of shell intermixed with
wave-worn artifacts. They are found where the Gulf, inland lakes or
estuary shores have truncated former river distributaries, and reworked
midden or mound materials which comprise part of the beach deposit matrix.
Beach deposits are evidence of coastal erosion where former middens or
mounds were located on natural levees or beaches which formerly extended
beyond the regressive present shoreline.

The sequence from oldest to youngest is listed below, along with
salient diagnostic characteristics:

l.

Paleo-Indian. 10,000 B.C.--6000 B.C,

Diagnostic traits: Lanceolate stone projectile points with
or without flutes extending up the long axis of the
points. The fluting may be unifacial or bifacial.

Basis for Temporal Placement: Assignments based upon point
typologies, geologic and paleontologic correlations and
radiocarbon dates from the Avery Island site, Iberia
Parish.

Subsistence Economy: Hunters and gatherers, Excavated
sites reveal artifacts tentatively assigned to strata
containing bone of extinct Pleistocene fauna.

Settlement Pattern: Archeological deposits are indicative
of small, temporary campsites.

Archaic. 6000 B.C.--500 B.C.

Diagnostic Traits: Medium to large, triangular projectile
points having variously-shaped bases with or without
notched side edges, chipped stone scrapers, knives,
drills, gravers, microblades, ground stone beads, celts,
plummets, gorgets, effigies and steatite vessels, Antler
atlatl hooks, bone awls, shell ornaments and Poverty
Point baked clay objects. Artifacts of exotic raw
material are most commonly associated with Poverty Point
components,

Basis for Temporal Placement: Projectile point typologies
and radiocarbon dates.

Subsistence Economy: Hunters and gatherers. No physical
evidence of hecticulture.
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Tchefuncte. 500 B.C.--A.D. 250

Marksville. A.D. 250--A.D. 700
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Settlement Pattern: The enormous earthworks at the Poverty
Point site, West Carroll Parish, comprised of a mound and
concentric, semicircular ridges. A low, domed, earthen
tumulus was tested on Avery Island; also several campsite
deposits in the Lake Pontchartrain area. At the Monte
Sano site, East Baton Rouge Parish, excavations revealed
remains of a structure having a square floor pattern.

Diagnostic Traits: The major introduction of pottery.
Vessels are conical with multiform, tetrapodal bases.
Incised, brushed, punctuated and stamped decorative
motifs appear on the vessel body and rim exterior. Also
introduced are decorated, tubular, clay pipes. Stone,
bone and shell implements and baked clay objects are
common and similar to those of the Archaic Period, but
not nearly as plentiful, variable or as ornate.

Basis for Temporal Placement: Stratigraphic excavations and
radiocarbon dates.

Subsistence Economy: Hunters and gatherers. Indications of
horticulture from the Tchefuncte deposit at the Morton
Shell Mound, Iberia Parish.

Settlement Pattern: Sites predominate in the marsh areas of
southern Louisiana and are characterized by shell
middens. Inland sites consist of small, low, earthen
mounds and middens containing primary flexed and
secondary human interments associated with sparse amounts
of artifacts. Some evidence of light-poled structures
having an oval floor pattern.

Diagnostic Traits: New pottery types comprised of bowls,
globular and jar-shaped vessels elaborately decorated on
exterior with punctuated, incised and stamped motifs.
Vessels also decorated with red pigment and stylized
zoomorphic motifs. Stone and ceramic platform pipes and
effigies. Artifacts of exotic raw materials including
copper, quartz crystals, asphaltum and galena.

Basis for Temporal Placement: Ceramic typology,
stratigraphic tests, extensive excavations and radio-
carbon dates.

Subsistence Economy: Hunters and gatherers. A single
instance of corn and squash purported from the Marksville
site, Avoyelles Parish.
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Settlement Pattern: One extensive occupation, the
Marksville site, consists of a group of earthen mounds
within a semicircular ridged, earthen wall. Domed mounds
for the disposal of the dead. Human interments, both
primary and secondary, are deposited along with a
selected quantity of pottery, stone, bone, shell and
copper funerary offerings. Other sites consist of .
middens and/or mounds lacking enclosures. Evidence of a
possible house structure, rectangular in plan with a

semisubterranean floor, was exposed at the Marksville
site.

Troyville-Coles Creek. A.D. 700--A.D. 1100

Diagnostic Traits: New ceramic typologies, clay tempered
pottery and new decorative designs. Elbow-shaped clay
pipes, ear spools and mealing stones. Near the end of
this period the preponderance of small, finely chipped
projectile points is indicative of the introduction of
the bow and arrow, whereas previously the atlatl
predominated.

Basis for Temporal Placement: Ceramic typology,

stratigraphic tests, extensive excavations and radio-
carbon dates.

Subsistence Economy: The first definitely documented
evidence of corn and squash agriculture. The

agricultural base was supplemented with hunting and
gathering.

Settlement Pattern: Characteristically, three, large,
pyramidal, compound mounds oriented around an open plaza.
Houses with rectangular or oval floor patterns. Mounds
of the Troyville site, Catahoula Parish, were surrounded
by a rectangular ditch and earthen wall enclosure.
Multiple primary and secondary human interments,

generally without artifactual associations, are common in
the mounds.

Mississippian. A.D. 1100--Historic Period

Diagnostic Traits: New ceramic typologies, shell tempered
pottery, effigy vessels, new decorative motifs, strap
handles, effigy pioes and ear spools. Late in the period
native artifacts are found in association with European
trade material. '"Southern Cult" items are also present.

Basis for Temporal Placement: Ceramic typology, strati-
graphic tests and ethno-historic documentation. Included

are sites of the Plaquemine Period.

Subsistence Economy: Corn, squash and bean agriculture
supplemented by hunting and gathering.
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Settlement Pattern: Large, compound, pyramidal mounds
oriented around an open plaza. Mounds may have stepped
ramps. Round, rectangular and square house floor

R patterns with and without wall trenches. Some villages
. T surrounded by a wooden palisade. Secondary, single and
I multiple human burials occur in mounds, primary extended
and flexed human interments are also present. .

4,1.3.2.5 Historic Resources. Historic settlement of the area began
about mid-18th century. Those present were chiefly involved in sub-

. sistence occupations from settlements near New Orleans. English, French
I and Creole farmers lived along the bayous in areas not frequently flooded.
‘ During the colonial period the region's principal inhabitants were the
Indian tribes linguistically related to the Muskhogeans and Chitimachans
(Kniffen 1935). At the time of Furopean contact, three tribes lived in
south-central Louisiana. They included the Chitamacha, who settled
between Charenton and Cocodrie; the Washa, who lived along the southern
reaches of Bayou Lafourche; and the Chawasha, who inhabited the inland
regions of Bayou Lafourche (Swanton 1911).

In the "Lafourche Interior" the Chawasha and Washa were the dominant
Indian tribes. Unfortunately, little is known about either group's
history or culture. Available data suggests that when the Louisiana
colony was founded in 1869 both were living along Bayou Lafourche. They
were, in fact, culturally related to the Eastern Maize area of North
=" America. They practiced slash-and-burn agriculture and lived in semi-
permanent villages., Their artifacts indicate maize was a significant crop
along with beans, pumpkins and melons. Hunting, gathering and fishing
were also important. The practice of mound building continued into early
historic times, along with the manufacture of household utensils from
regional clays (Kniffen 1975).

It is estimated that between 200-300 Washa and Chawasha occupied
south-central Louisiana at the time of European contact. They were
linguistically related to the Chitimachans, a division of the Tunican
family (Swanton 1911; Kniffen 1935).

The Washa and Chawasha were reported to be living along Bayou
Lafourche but hunted and camped from Bayou Lafourche to the Mississippi
River. They frequently moved, but by 1718 the Washa had apparently
settled in a "camp" 30 miles north of New Orleans where they lived near
the Mississippi's south bank (Swanton 1911).

The history of the Chawasha ran almost parallel to the Washa. Before
1722 they moved across the Mississippi to the east bank. By the middle of
the 18th century, the two groups had been displaced by European settlers
and lost their identifies through displacement and acculturation.

One other Indian group, the Houma, had an important impact on the

3 history of the parish. When LaSalle encountered them in 1682, this
Muskhogean~speaking tribe lived on the east side of the Mississippi River
opposite the mouth of the Red River (Swanton 1946). They remained in this
encampment until about 1706, when the Tunicas, whom they had learned to
trust, massacred a large number of their hosts. The survivors went first
to Bayou St. John near New Orleans, and later into what is now Ascension
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